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The term fetal asphyxia is generally used to describe the combination of 
hypoxia, hypercarbia, and ischaemia. One of the major tasks of obstetricians is to 
prevent fetal asphyxia, which may occur before or during labour. The development of 
neuropathologic lesions in the fetus depends on the degree and duration of the 
asphyxia and requires a significant degree of hypoxia present for a prolonged period 
of time. Fetal hypoxia has an important influence on the survival of infants and 
quality of life. However, it remains difficult to determine the presence, duration and 
extent of fetal hypoxia. Umbilical cord blood acid-base analysis is useful in 
immediate assessment of the new-born and as an objective measure ofthe intrapartum 
fetal environment. In recent years there has been a shift in fociis, away from Apgar 
scores, to the more objective assessment of umbilical acid-base status for 
documentation of the fetal response to intrapartum events. Oxygen free radicals, 
including superoxide anions (O2"), hydrogen peroxide (H2O2) and the hydroxyl 
radical (OH), have been implicated as mediators of tissue injury in pathologic 
conditions such as hypoxia, respiratory distress syndrome, ischaemiayYeperfusion and 
inflammation injury. Determination of lipid peroxidation and nucleotide metabolites 
provides an indirect measure of the oxidative activity of oxygen free radicals in vivo. 
ix 
Cardiotocographic monitoring (CTG) remains the commonest method of 
assessing fetal welfare during labour. However, the visual interpretation of CTG 
tracings is highly variable. Interpretation by a computerised automated system should 
be more objective and consistent. A computerised system has been developed for the 
interpretation of intrapartum fetal heart rate tracings. Various parameters are 
described to define the fetal heart rate pattern in terms ofbaseline rate and variability, 
and frequency, duration and magnitude of accelerations and decelerations. 
Objective 
The objective of this study was to undertake an in depth comparison of acid 
base balance and oxygen free radical activity in cord blood at birth as outcomes of 
fetal welfare, and to assess the correlation and predictive value ofabnormalities in the 
intrapartum CTG. 
Study Design 
The study was carried out at the Department of Obstetrics and Gynaecology, 
The Chinese University of Hong Kong. The umbilical artery and vein were sampled 
at delivery in a series of 145 singleton term deliveries. All 145 fetuses had continuous 
electronic CTG monitoring with data storage on a personal computer using the 
Nottingham fetal ECG system (Mohajer et al., 1994). Two lipoperoxide entities in 
umbilical cord blood, malondialdehyde (MDA) and organic hydroperoxide (OHP), 
xii 
were determined by thiobarbituric acid (TBA) reaction and by glutathione peroxidase 
and reductase reactions, respectively. Umbilical arterial pH, pO2, pCO2, HCO3 and 
base excess (BE) were also measured. In addition, purine and pyrimidine metabolites 
in cord blood plasma including hypoxanthine, xanthine, inosine, uridine and iiric acid 
were determined by high performance liquid chromatography. 
Results 
1. Difference of acid-base status and levels of lipoperoxides and nucleotides 
between umbilical cord arterial blood and cord venous blood - There were significant 
correlations between arterial and venous levels of MDA, OHP, hypoxanthine, 
xanthine, uridine, inosine, uric acid, pH, pCO2, HCO3 and BE (/)<0.001). The mean 
arterial levels were significantly higher than the venous levels in MDA, hypoxanthine, 
xanthine, uridine, pCO2 and HCO3 but lower in pH, pO2 and BE Cf<0.001-0.05). 
There were no significant arterio-venous differences in OHP, inosine and uric acid 
levels 0^>0.05). 
2. Correlations of lipoperoxides and nucleotides with acid-base in cord blood -
Both arterial MDA and OHP had a significant negative correlation with cord blood 
pH (p<0.01-0.05), whereas arterial MDA alone showed significant correlation with 
pCO2 O^<0.001) and with pO2 (^<0.05). Arterial xanthine was significantly correlated 
with cord blood pH, pCO2, HCO3 and BE; uridine with pH, pCO2, pO2 and BE; uric 
acid with HCO3 and BE Q^<0.001-0.05). Hypoxanthine and inosine showed no 
significant correlations with measures of acid-base balance (p>0.05). 
xi 
3. Difference of lipoperoxide and nucleotide levels in umbilical cord blood 
between acidaemic and non-acidaemic groups - If the umbilical cord arterial blood 
samples were divided into acidaemic (pH equal to or lower than 7.20) and non-
acidaemic (pH greater than 7.20), then 21 cord blood samples were acidaemic and 124 
non-acidaemic. There were significant differences in the levels of umbilical artery 
MDA, OHP, xanthine and uridine between acidaemic and non-acidaemic neonates 
I (p<0.001-0.0l). These suggest a positive association between acid-base balance and 
lipoperoxide production, and between acid-base balance and xanthine and uridine in 
umbilical cord at delivery. 
4. Correlation of CTG components with biochemical variables - There were 
significant correlations between the frequency and magnitude of decelerations, and pH 
and pCO2 (p<0.05 and p<0.01), and a significant difference existed in the frequency 
！ and magnitude of decelerations between acidaemic and non-acidaemic groups 
(p<0.01). There were also significant correlations between decelerations and uridine 
(p<0.01) and between uterine contractions and both OHP and uridine (p<0.05). 
Hence a clear relationship was found between the different FHR patterns and changes 
in the acid-base balance and evidence of free radical activity. 
Conclusion 
j One of the major goals of obstetricians is to prevent fetal asphyxia. 
Unfortunately, the commonly used clinical indicators (fetal heart rate monitoring, 
meconium stained amniotic fluid, and Apgar scores) do not have acceptable accuracy 
xi i 
for determination of fetal asphyxia. But fetal asphyxia should be assessed 
scientifically and objectively. We believe umbilical arterial acid-base studies, and 
determination of MDA, OHP, xanthine and uridine should be more exhaustively 
I utilised. A large-scale study is still needed to determine whether umbilical blood acid-
base, MDA, OHP, xanthine and uridine are predictive of subsequent neurologic 
abnormalities. 
The information obtained in this study has broadened our understanding of 
genesis of fetal asphyxia, and can help establishment of better surveillance and more 
efficacious therapeutic interventions of this disorder. The fetal and umbilical data 
：； obtained in this study also provide a reliable reference data base for assessing neonatal 
status and intrapartum management. 
xi i i 
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i The term asphyxia is generally used to describe the combination of hypoxia, 
hypercarbia, and ischaemia. This situation may have an acute onset as a result of 
delivery complications, or it may be a chronic condition, usually caused by placental 
dysfunction. Asphyxia occurs in 1 -7% of all deliveries. Intrauterine asphyxia may 
lead to prenatal or new-bom complications. Intrapartum ischaemia and hypoxaemia 
may cause harmful effects such as periventricular haemorrhage and impaired 
myocardial function. (Barela et cil., 1983; Low et al., 1994). Severe fetal asphyxia 
may have a broad range of effects on the brain, from no evident alteration in brain 
function to profound cerebral palsy. The major neurologic sequelae of asphyxia may 
cause a handicap and consist of cerebral palsy, hydrocephalus, and seizure disorders 
(Hagberg etal., 1984). 
Parameters that can be measured objectively are required to confirm clinically 
defined prenatal asphyxia. Determination of the acid-base status in cord blood 
provides one of such assessments (Socol et aL, 1994). In the past decade a large 
amount of information has been collected on the fetal cardiovascular and respiratory 
t-: 
responses to oxygen limitation, accounting for a better understanding and 
!' 
I 
|i management of neonatal deterioration induced by asphyxia. Besides these 
j 、- . . 
1 physiologic studies, cellular and biochemical mechanisms involved in brain cell death 
I 
I are being increasingly explored, particularly in the adult with respect to focal (e.g., 
V 
I . . • . - . 
I stroke) and global (e.g., cardiac arrest) hypoxia-ischaemia (Raichle, 1983). These 
studies have shown that complex and interrelated biochemical alterations are triggered 
3 
during hypoxia-ischaemia that ultimately result in neuronal death. A thorough 
knowledge of these biochemical events may lead to recognition of certain steps that 
may be amenable to pharmacologic intervention to limit or even prevent neuronal cell 
damage during presumed or actual fetal asphyxia. 
Oxygen free radicals are a highly reactive species which includes the 
superoxide radical, hydrogen peroxide and the hydroxyl radical (Halliwell and 
Gutteridge, 1985). Brain injury in an hypoxic infant may be induced by oxygen free 
I radicals derived from hypoxanthine (McCord, 1985; Zweier et cil., 1988). In 
j asphyxiated babies high levels of cord blood hypoxanthine have been detected and 
can be used as a marker of hypoxia (Harkness et al., 1982; O'Connor et cil., 1981). 
Catabolism of hypoxanthine by xanthine oxidase in endothelial cells produces oxygen 
free radicals. Oxidative activity of oxygen radicals in biological systems can be 
determined by measuring their oxidative products (Liinec, 1992a). One common 
approach is to measure the peroxidation product of membrane polyunsaturated fatty 
acids, malondialdehyde (MDA), by the thiobarbituric acid (TBA) reaction (Janero, 
1990). The MDA-TBA adduct can be readily extracted and measured by 
spectrophotometry or fluorometry (Young and Trimble, 1991; Richard et al., 1992). 
i Preceding their fragmentation into MDA the lipid hydroperoxides formed after 
hydrogen abstraction of the peroxy radicals in the peroxidation process can also be 
measured collectively as organic hydroperoxides (OHP) (Heath and Tappel, 1976; 
Faure et cil., 1993). The MDA and OHP assays may provide an useful test of lipid 
peroxidation and an estimate of the oxidative activity of oxygen free radicals in 
biological systems (Gutteridge and Halliwell, 1990; Lunec, 1992b). 
4 
Saugstad (1975a) suggested that hypoxanthine levels in cord plasma could 
measure hypoxia in the fetus and new-bom. In theory hypoxanthine levels should be 
raised in hypoxic tissues because net catabolism of adenosine triphosphate (ATP) in 
conditions of intracellular oxygen deprivation will cause release of adenine 
metabolites such as hypoxanthine into the extracellular fluid. VIoreover, the increased 
concentrations of hypoxanthine in extracellular fkiid should be maintained by the 
relative inhibition of purine salvage pathways in conditions of ATP deficiency such as 
hypoxia (Seegmiller, 1975). Various metabolic parameters such as hypoxanthine, 
I xanthine and uridine relating to purine and pyrimidine metabolism, which are central 
to energy status, have been studied previously. Hypoxanthine is rapidly absorbed by 
erythrocytes (Whittam, 1960; Saugstad, 1975a; Murray et cil, 1970) and once 
absorbed, provides the chief substrate for nucleotide interconversion (Murray et al, 
1970). To complicate matters further, hypoxanthine is released from erythrocytes for 
utilisation in peripheral tissues (Murray et al, 1970). It is possible to measure the 
pyrimidine nucleoside, uridine, which occupies a similar position in pyrimidine 
metabolism to that of hypoxanthine in purine metabolism. In humans, uridine is the 
main circulating pyrimidine and is rapidly taken up by erythrocytes (Harley et al, 
1978). Since tissue uptake is dependent on ATP concentration and uridine kinase 
\ activity, higher concentrations of uridine might be found in conditions of oxygen 
)i 
depletion. O'Connor et al. reported that hypoxia may be a factor affecting uridine 
丨！ -
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j Intrapartum electronic fetal heart rate monitoring was introduced to detect 
I 
I early signs of fetal hypoxia during labour and thereby improve perinatal mortality and 
5 
I morbidity. In recent years, conventional visual analysis of the fetal heart rate as a 
1 
I means of fetal surveillance in labour has been questioned (Pello, et cil., 1991; Keith, et 
.i 
al., 1995). Inter- and intra-observer variations in visual interpretation ofcoiiventional 
fetal heart rate tracing are unacceptably high, and there is disagreement among experts 
on the appropriate action to take. This problem might be reduced with the help of 
automated fetal heart rate analysis. Several computer programmes for assessment of 
cardiotocography (CTG) have been designed. Many have chosen to concentrate on 
simpler task of antepartum CTG interpretation (Searle et al., 1988; Dawes et al., 
1985). Two systems have been specifically designed for intrapartum CTG analysis 
i.. 
I (Maeda, 1990; Krause, 1990). Their effectiveness is yet to be demonstrated. More 
recent technological advances have produced computer programmes which can 
丨： 




The objectives of this project were 1) to compare lipid peroxides, purine and 
j -
pyrimidine metabolites with standard acid-base balance measurements in cord bloocl; 
[• 
2) to assess the relationship between abnormalities recorded in the fetal heart rate 
I _ 
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I 1.2 Free oxygen radicals 
i I 
i 
Free radical reactions are critical for the normal operation of a wide spectrum 
丨 of biologic processes. It is now over half a century since it was first suggested that 
i： 
I many enzymatic processes that are involved in metabolic regulation involve one-
1： |i [• 
electron transfer reactions. In the last 15 years, many publications have made claims 
丨， 
for a role for these free radical reactions in many major disease processes; most are 
based on circumstantial evidence, the rest depend on the accuracy and precision with 
which free radical reactions can be measured in in vivo. If there is any substance to the 
claims concerning the role of free radicals in major disease, then clearly the clinical 
biochemist must find the best way of detecting such species in vivo. 
\ i, 
1.2.1 Free oxygen radicals and mechanism of radical damage 
1.2.1.1 What is a free radical? 
The term ‘radical’ has a Latin derivation, radix meaning root. In modern 
terminology a ‘free radical’ is an atom or molecule having at least one unpaired 
electron. Free radicals can have cationic, anionic or neutral characteristics, and are 
extremely reactive (Halliwell and Gutteridge, 1985), having rate constants ofthe order 
of 10^-l0'^ M_i s_i. Free radicals are generally produced by the liomolytic fission of a 
covalent bond between two atoms A and B which were combined to form the 




the many exogenous initiators of free radical reactions; however, the most important 
source of these radical species in vivo are univalent, biochemical redox reactions 
involving oxygen. 
Oxygen, the most common of all biologically important free radicals, is a 
diradical having two unpaired electrons, each one located in a separate orbital. The 
univalent reduction of oxygen produces the superoxide anion radical (O2' ), the dot 
signifying the unpaired electron. All aqueous systems that generate O2' will 
ultimately produce H2O2 by a dismutation reaction 
O2" + O2" + 2H+ — H2O2 + O2 
I； 
|. however, in terms of radical reactions this conversion is very slow. At physiological 
c 1 I 
1' pH its rate is approximately 5 x 10 M" s' . Consequently, O2" can induce important 
I 
! reducing reactions in biological material, e.g. it can reduce Fe;+ in metalloproteins 
j 
such as ferritin: 
i . 
1 I 
I Fe3+ + O2" — Fe2+ + O2 
The reduction of protein bound iron is an important reaction in biological 
material because, if there is also sufficient H2O2 available, a Fenton reaction between 
2+ 
the resultant Fe and H2O2 will occur and will give rise to the highly reactive 
hydroxyl radical (OH). Cu+ will also undergo this reaction. Tt is now almost 
8 
universally accepted that the oxidising effects of H2O2 are mediated by ubiquitous 
transition-metal ions. 
Fe2+ + H,O2 ~> OH" + Fe3+ + OH 
H2O2 is not a radical species since it does not possess unpaired electrons, but OH 
obviously is. Although H2O2 is relatively unreactive it can traverse biological 
membranes and, intracelliilarly, can target to phospholipids, carbohydrates, 
metalloproteins and DNA, and cause damage via a 'site-specific' Fenton reaction 
； (Haber and Wiss, 1934). In mammalian cells there exists a whole armoury of 
antioxidant defence mechanisms to combat the effects of radical damage. These 
enzymic and non-enzymic systems are summarised in Table 1.1. 
1.2.1.2 Mechanism of free radical damage 
Free radicals are molecular species with an unpaired electron in the outer orbit 
I that renders them very reactive, with a strong tendency to initiate chain reactions that 
i result in lipid membrane and deoxyribonucleic acid peroxidation and cell damage. 
I-1 
1： 
[ Normally, > 80% of the oxygen consumed by the cell is reduced by cytochrome 
i' 一 
oxidase (Fridovich, 1978) without production of oxygen free radicals. The remaining 
10% to 20% follows other oxidation-reduction reactions in the cytoplasm and 
V. 
丨 mitochondria that produce the superoxide anion radical (Fridovich, 1978). To protect 
t： 
S: themselves against the deleterious effects of these oxygen free radicals, the cells 
9 
！ 
possess an array of enzymatic and nonenzymatic defences that include catalases, 




I ascorbic acid, and tocopherol among the scavengers (Raichle, 1983). 
r 
The major cellular and extracellular targets for reactive radical species are 
proteins, unsaturated fatty acyl components of lipids and lipoproteins, and DNA 
constituents including carbohydrates. 
Recent review articles (Halliwell and Gutteridge, 1984; Slater, 1984) have 
concluded that oxygen-derived free radical species such as superoxide (0/)and 
hydroxyl radicals (OH) as well as hydrogen peroxide are important mediators of 
cellular injury via the destruction of cell membranes or alteration of critical enzyme 
systems. The phospholipid component of cellular membranes is a highly vulnerable 
target due to the susceptibility of its polyunsaturated fatty acid side-chains to 
peroxidation. This can lead to changes in the membrane permeability characteristics 
and the ability to maintain transmembrane ionic gradients (Slater, 1984). The 
peroxidation of polyunsaturated fatty acid side-chains in the membrane lipids is a 
consequence of many types of cellular injury in which free radical intermediates are 
produced in excess of local defence mechanisms and has been extensively reviewed 







i. • I, 
！‘ Table 1.1. Antioxidant protection against free radical reactions in vivo 
i.: 1 
i 
I. ^ _ > < _ ^ — 
Intracellular factors Proposed role 
i 
|, Superoxide dismutase (SOD) 0 . ' + 0 , ' ~> H2O2 + 0 , i 
I Catalase 2U,Oj ~> 2H2O + 0 , 
一 — im lm 
Glutathione peroxidase HOOH + GSH ~> HOH + GSSG 
LOOH + GSH ~> LOH + GSSG 
Methionine sulphoxide reductase Reduces methionine sulphoxide — methionine 
Extracellular factors 
Caeruloplasmin (Cp) Fe+ ~> Fe]+ (ferroxidase) 
CpCV+ + O2' — CpCu+ + O2 
Albumin O2' scavenger 
Lactoferrin Binds Fe'^ at acid pH 
Extracellular SOD 1/3000 the activity of SOD 
Urate OH scavenger 
Vitamin C O2，OH and H2O2 scavenger 
Vitamin E Lipid peroxide (LOO ) scavenger 
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There is considerable debate concerning the role played by free radical 
reactions, protein oxidation, DNA damage and lipid peroxidation in human disease 
and toxicology. Radical species have indeed been implicated in many disease states. 
The question as to whether free radicals are a major cause oftissue damage in human 
disease or an accompaniment to or a consequence of such injury is by no means clear 
•i 
I 
j in many instances. However, what is clear is that diseased or damaged tissues 




The reasons for the increased oxidisability of damaged tissues include 
inactivation of some antioxidants, the leakage of antioxidants from cells, release of 
metal ions from storage sites and from metallo-proteins hydrolysed by enzymes 
! 
released from damaged lysosomes. In myocardial reperfusion injury, the 
reintroduction of oxygen to the ischaemic tissue generates free radicals which worsen 
the injury. In atherosclerosis, enhanced peroxidation in the atherosclerotic lesion 
leads to further foam ceil formation and growth of the lesion (Steinberg el cil., 1989). 
In traumatic injury to the brain and spinal cord, there is evidence suggesting that ions 
released into the surrounding area stimulate further radical-mediated damage 
(Halliwell, 1990). Each set of evidence proposing the involvement of free radicals as 
important contributors to the pathology of a given disease must be judged on the 
accuracy and specificity of the methodology and techniques utilised for measuring 
these processes in organs, tissues and cells. 
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1 Lipid peroxidation may be initiated by any primary free radical which has 
sufficient reactivity to extract a hydrogen atom from a reactive methylene group of an 
unsaturated fatty acid. For example, species such as hydroxyl radicals (OH.), alkoxyl 
丨， 
1 , 
I： radicals (R0-), peroxyl radicals (R00-) and alkyl radicals (R.) may be involved. The 
I • 
formation of the initiating species is accompanied by bond rearrangement that results 
in stabilisation by diene conjugate formation. The lipid radical then takes up oxygen 
to form the peroxyl radical. Peroxyl radicals can combine with each other or they can 
attack membrane proteins, but they are also capable of abstracting hydrogen from 
adjacent fatty acid side-chains in a membrane and so propagate the chain reaction of 
lipid peroxidation. Hence a single initiation event can result in the conversion of 
hundreds of fatty acid side-chains into lipid monohydroperoxides. This propagation 
phase can be repeated many times. Thus, an initial event triggering lipid peroxidation 
can be amplified, as long as oxygen supplies and iinoxidized fatty acid chains are 
available. The length of the propagation chain also depends on the lipid protein ratio 
in the membrane: the chance of a radical interacting with a membrane protein will 
clearly increase as the protein content of the membrane rises. The presence in the 
membrane of chain-breaking antioxidants will interrupt the propagation phase. Thus 
interception by a chain-breaking antioxidant might lead to a radical species capable of 
reacting with another peroxyl radical, it might disappear harmlessly (for example, by 
dimerisation) or it might be regenerated as a functioning antioxidant by reaction with 
another molecule. For example, it has been proposed that a tocopherol radical can be 
converted back to tocopherol by a reaction with ascorbate at the surface of the 
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I 1.2.2 The detection and characterisation of free radical species 
I: _ 
!；.： 
I Most organic reactions involve the sharing of electrons with opposite or 
antiparallel spins to form a covalent bond. For oxygen to react with other substrates it 
needs to accept electrons one at a time only. This is the concept of spin restriction and 
characterises the reactivity of oxygen radicals produced in vivo (Lunec, 1992b). 
The unpaired electron that characterises a free radical generally accounts for 
its high chemical reactivity. Since most radicals are so reactive, they normally exist 
at very low steady-state concentrations from 10'^  to 10"^  M/L. These steady-state 
concentrations are calculated in pure solution: in complex biological fluids, or tissue, 
they would be much lower. This alone emphasises the difficulty in measuring such 
reactions in vivo. 
One of the most important agents of oxygen toxicity is the superoxide radical. 
At physiological pH it is a fairly strong reducing agent and a weak oxidising agent. It 
dismiitates spontaneously into hydrogen peroxide, and also by virtue of its reducing 
properties can dissociate protein-bound iron, particularly from iron storage molecules 
such as ferritin. 
Free radical species are generally short-lived due to their high reactivity and 
thus direct measurement and identification are often impossible. Electron spin 
resonance (ESR) is the only technique which has the potential for direct detection of 
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I radicals, but in biological systems even these must be trapped by a spin-trapping 
agent. Thus most investigations involve recognition of indicators of the presence of 
radicals in vivo or 'Footprints' of radical-mediated damage. There are two main 
methods for measuring radical events in vivo {Table 1.2) 
1.2.2.1 Direct methods 
By definition, radicals are highly reactive; the corollary must therefore be that 
they are difficult to measure, particularly in biological material, and even more so in 
easily accessible specimens such as serum or other biological fluids (Lunec, 1989). It 
has been calculated that the OH radical can travel a maximum of only 15 A from its 
site of generation before it reacts with another molecule (Lunec, 1989). This fact 
emphasises the high reactivity of the OH radical in complex biological material. In 
pure solutions, direct measurement of radical reactions is relatively simple. Pulse 
radiolysis is a useful tool for measuring the relative rates of reactivity of compounds 
of interest with, for instance, the OH radical. In order to calculate such a parameter in 
practice, ionising radiation produced by a linear accelerator is used to generate OH 
radicals in solution by the homolytic fission of H2O. Relative rates of reactivity of 
compounds with OH can be measured by competitive inhibition of the OH mediated 
-* 
absorbance changes with a standard solution of thiocyanate (Adams and Wardman, 
1977). Aruoma and Halliwell have used a much less expensive and simpler approach 
by looking at the iron-dependent degradation of DNA mediated by OH activity 
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Table 1.2 The Method used to determine the involvement of reactive oxygen 
species in vivo 
Principle of method Sample 
Direct method 
Electron spin resonance Measures paramagnetic Tissue 
properties ofradicals 






Diene conjugation Absorbance at 230-240 nm Serum, tissue 
in lipid extracts 
Thiobarbituric acid Chromogen measured at Serum, tissue 
reactivity 532 nm 
Lipid hydroperoxides by Reversed phase, Serum , tissue 
HPLC electrochemical detection 
Thiobarbituric acid HPLC Reversed phase and ion Serum, tissue 
pairing 
Enzyme method Monitoring NADPH with Serum, tissue 
glutathione peroxidase plus 
reductase 
Ethane/pentane Gas chromatography Expired air 
Schiffbases Fluorescence (Ex 340-350, Tissue 
Em 400-480) 
Protein oxidation 
Kynurenines and Reversed phase, Serum, tissue 
methionine, and cysteine fluorescence detection 
sulphoxide by HPLC 
Amino acid aldehydes Derivation with Tissue 
2,4 dinitro phenyl 
hydrazine 
DNA oxidation 
HPLC method Reversed phase and Urine, tissue 
electrochemical detection 
of 8-hydroxyguanosine 
GC-MS method Profiles a whole range of Urine, tissue 
DNA oxidation products 
simultaneously 




(Aruoma and Halliwell, 1988). This also depends on competitive inhibition against 
standards with known rate constants. 
1.2.2.1.1 Electron spin resonance (ESR) spectroscopy 
ESR spectroscopy is one of the oldest of the modern techniques for 
characterising and measuring free radicals directly. Recently, it has gained renewed 
interest, because, with the advent of chemical spin traps, it became applicable to 
complex biological systems. ESR spectroscopy utilises the principle of the magnetic 
moment generated by an electron by virtue of its rotating charge. Paired electrons 
have their charges cancelled and thus have no net magnetic moment (diamagnetic); 
unpaired electrons possess a magnetic moment by virtue of their spinning charge and 
are thus paramagnetic. When paramagnetic species, or free radical compounds, are 
placed in a large magnetic field, the unpaired electron will orientate to either align 
with the direction of the field (parallel) or against it (antiparallel). The former 
represents the more energetically favourable situation. If the energy of the external 
magnetic field is increased, electrons in a lower parallel state will be excited, and a 
higher proportion will achieve an antiparallel orientation. The resultant resonant 
absorption of microwave energy is recorded as a first derivative signal and reflects the 
intensity, or concentration, of the free radical species; its pattern characterises the type 
of radical species observed. In complex biological systems, it is impossible to assign 
specificity to an ESR signal without the use of spin traps. 
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Spin trapping involves the addition, or reaction, of an appropriate reagent to 
the biological material under investigation. The purpose of the spin trap is to react 
selectively with the radical of interest and produce a more stable free radical species. 
This species can then more easily be detected using ESR techniques. The search for 
appropriate spin traps that are biologically inert is obviously of major importance in 
this type of research (Benedetto, et al., 1981). The most commonly used spin traps 
are nitrones and nitroso compounds. 
1.2.2.1.2. Chemiluminescence 
Chemiluminescence is another quantitative procedure used for the detection 
and measurement of oxygen radicals (Boveris et aL, 1981). The method is based on 
the emission of light by excited oxygen species such as singlet oxygen or excited 
carbonyls. The application of low-level chemiluminescence is based on the emission 
of light upon the decay of singlet molecular oxygen to the triplet ground state. 
Emission takes place at 1270 nm and luminescence at 634 and 704 nm. The technique 
is sensitive and non-invasive, providing continuous monitoring of excited oxygen 
species generated during cellular damage. The method is, however, non-specific and 
cannot be used on its own to provide evidence for the presence of oxygen radicals in 
biological reactions. 
Luminol enhancement of luminescence is employed to amplify 
chemiluminescence signals. Luminol (5 amino 2,3 dihydrophthalazine-1,4 dione) is 
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oxidised by several oxidant intermediates, e.g., superoxide, hydrogen peroxide, 
hydroxyl radical, and singlet oxygen, to an electronically excited aminophthalate 
anion that emits photons when relaxed to a singlet ground state. Emission is at around 
450 nm, so that liquid scintillation counting is possible. Advantages of this technique 
are that photomultiplier probes, which collect light emission, can be made portable 
and allow monitoring ofexposed organs, i.e., in an in vitro reperfusion experiment, or 
perhaps during surgical procedures. 
1.2.2.2 Indirect methods 
By virtue of their inherent reactivity, oxygen derived free radicals are reactive 
with all manner of biomolecules. This property can be put to advantage in terms of 
assay development. The chemistry of the reaction of radicals with polyunsaturated 
lipids, proteins and DNA is well documented (Lunec, 1989). 
1.2.2.2.1 Lipid peroxidation 
If oxygen radicals are produced in a biological medium, they are, due to their 
high reactivity, likely to initiate reactions with a whole range of biomolecules. 
^ 
Polyunsaturated fatty acids (PUFA) are likely targets for oxygen radical attack. 
Hence, it follows that measurement of oxygen radical activity could be achieved, 
albeit indirectly, by measuring the oxidative reaction products of PUFA (Wolman, 
1975). This would seem an easy solution to the problem of measuring oxygen 
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radicals in vivo. However, the reaction of PUFA with oxygen radicals gives rise to 
such a diverse range of substances, some highly reactive in themselves that, as 
markers of peroxidative damage, they are too difficult to identify and quantitate. 
Detection of conjugated dienes formation 
Crude measures such as diene conjugation, a method that detects the formation 
of alternate single and double bonds, brought about by the radical-induced 
rearrangement of methylene-interrupted double bonds of PUFA, is a useful screening 
technique, but is a poor measure of lipid peroxidation in vivo since other unrelated 
substances have identical UV absorbance characteristics. These products are primary 
products of lipid peroxidation. 
Detection of thiobarbitiiric acid reactive substances 
Measurement of end products of lipid peroxidation such as malondialdehyde 
(MDA), often more correctly referred to a thiobarbitiiric reactive substances 
(TBARS), is a simple and widely used assay (Giitteridge and Quinlan, 1983). 
However, it suffers from poor specificity and many attempts at improving the 
specificity have given rise to several variations of the same assay. Tt is important 
when using such an assay to assess the potential source of false-positive results 
because many substances, including simple substances like glucose, acetic acid, and 
bilirubin, can react with thiobarbituric acid to produce an indistinguishable 
chromophore between 530 and 540 nm. Tappel and co-workers (Tappel, 1975) have 
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pointed out that if aldehydes, and particularly MDA are produced in vivo, they are 
unlikely to be detected there in their free form. MDA crosslinks with primary amino 
groups of amino acids, DNA, proteins and phospholipids to form conjugated 1,3-
iminopropene structures (Schiff bases), which are autofliiorescent. This reaction has 
been made the basis of an in vivo assay of free radical activity but has not proved 
popular, probably because of interference (from other fluorophores) and the 
unavailability of standardising reference material. 
TBARS measurements are believed to detect a whole range of secondary 
products of peroxidation. These products are thought to represent precursors of 
lipofuscin and ceroid pigment believed to accumulate in damaged tissues over many 
years. Previously, the reaction did achieve considerable interest because it was 
thought to be a true measure of oxidative reaction of peroxides and malondialdehyde 
in vivo (Tappel, 1975). However, it has since been recognised that many unrelated 
substances can fluoresce in the same area of the spectrum. This method is not specific 
enough for general use. 
Detection by high performance liquid chromatography 
These somewhat crude quantitative estimations are now being superseded by 
assays that are more specific. For instance, it has been established that ethane and 
pentane are produced as minor products from scission of co8 fatty acids in response to 
oxidation (Reily and Cohen, 1984). These gases can be detected by gas 
chromatography in the expired breath of animals and humans. Measurements of 
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aldehyde and peroxide products by high performance liquid chromatography (HPLC) 
are now also being used more widely. These range from the measurement of MDA, 
and a and p unsaturated aldehydes through hydroperoxides to pre- and post-column 
derivation of MDA to generate TBARS. MDA is a highly reactive three 
carbon/dialdehyde produced from lipid hydroperoxides. It can be derived by the 
hydrolysis of pentoses, deoxyribose, hexoses, from some amino acids and from DNA 
(Pryor et al., 1976). There are now highly specific and accurate HPLC methods which 
distinguish between true MDA and other aldehydes that may react with thiobarbituric 
acid (TBA). 
1.2.2.2.2 Protein and DNA oxidation 
Until relatively recently, there has been sporadic interest shown in the ability 
of reactive oxygen species to react with protein and DNA. However, it is now 
becoming recognised as a fruitful area of research, and two very separate, though 
related, measures of protein and DNA oxidation may provide unequivocal proofofthe 
involvement of reactive oxygen species in disease. The constituents of proteins 
(amino acids) and DNA (purines and pyrimidines) have characteristic patterns of 
oxidation when undergoing reactive oxygen attack. The amino acids tryptophan, 
cysteine, tyrosine, and proline are particularly susceptible to attack. Tryptophan and 
tyrosine give rise to kynurenines and bityrosine, respectively; both substances are 
autofluorescent and can be measured by reversed phase HPLC after enzymic digestion 
of protein with pronase (Limec et al., 1987). 
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Similarly, DNA can be digested with a series of endonuclease enzymes and 
HPLC carried out on the oxidised bases. The hydroxylated base 8-
hydroxydeoxyguanosine has been established as potentially one of the most specific 
measures of reactive oxygen species activity in vivo. It is detected by electrochemical 
monitoring of HPLC digests of DNA (Floyd et al., 1986). Gas chromatography 
combined with mass spectroscopy (GC-MS) is more specific, but extremely 
expensive, and would not be suitable as a routine procedure in clinical chemistry 
laboratories. 
1.2.2.2.3 Purine and pyrimidine metabolites 
Nucleotides and nucleotide metabolism 
Nucleotides are the monomeric units from which nucleic acids including DNA 
and RNA are synthesised; nucleotides of many types also occur free within the cell, 
and some of them function as coenzymes. 
A nucleotide has three structural components: a heterocyclic compound 
(sometimes loosely termed a ‘base，)，sugar, and phosphate. In nucleic acids, the bases 
are purines and pyrimidines; the parent compounds (which do not occur in nature) 
have the following structures, with the atoms numbered as shown: 
2 3 
、 � 、 8 3 > s ^ 3 
' ^ N ^ N / 2 t : ^ J e 
3 H ^ N ^ 
9 1 
Purine Pyrimidine 
The sugar is either D-ribose or D-2-deoxyribose; each occurs in the furanose 
form, the configuration at C-1 being p. 
MOClly^ X ^ " U O C U i ^ ^ ^ 011 
• Q ' 0 ' 
HO OH HO H 
Ribose 2-deoxyribose 
— - -
The heterocylic compound is attached by an N-glycosidic link to C-1. A 
compound of 'base' and sugar is called a nucleoside; when the sugar is 
phosphorylated it becomes a nucleoside phosphate, or nucleotide. Phosphate may be 
attached at C-5, C-3 or (in ribose only) C-2. 
Nucleic acids contain iuiclcosidc-5'-phosphatcs (5’- nuclcotidcs), joined by 
phosphodiester links to C-3 of the next nucleotide unit. 
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Purines 
Adenine and guanine are the only purines which commonly occur in nucleic 
acids, although they may be modified by methylation. 
NH2 Q 
, , ^ ^ y ^ N , , ^ A ^ N 
^ ^ N / _ 入 人 7 
11 丨丨 
Adenine (6-oninopurine) Guanine (2-amino, 6-oxypiirine) 
Pyrimi(lines 
Nucleic acids contain cytosine, uracil (not found in DNA) and thymine (not 
found in most types of RNA). Orotic acid and dihydro-orotic acid are also important 
metaboIically. 
X 人 > ^ C H , 
H N ^ ^ ^ HJ y l'^f 
O ^ N ^ 、 ？ ^ - ^ O ^ N ^ 
H 丨丨 丨丨 
Cytosine Uracil Thymine 
(2-oxy, 4-amino-pyrimidine) (2,4-dioxy-pyrimidine) (5-methyluracil) 
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Because hydroxy- or amino-substituents occur next to ring nitrogens, there is 
keto-enol tautomerism: 
0 OH 0" 
H > r ” 、 — N f ! 、 ^ N ^ S + H + 
I I I 
+ 
NH2 NH2 NH2 
H , - C - ^ ^ N + A — , � H + 
I I I 
Oxypyrimidines are weakly acidic, and aminopyrimidines weakly basic; the 
pKa values are shown in Table 1.3. The keto-enol equilibrium is therefore pH-
dependent. The conjugated double-bond system absorbs light in the near-ultraviolet, 
with maximal absorption at 260-270 nm, the absorption spectra also being somewhat 
pH-dependent. Pyrimidines are moderately soluble in water. 
Others which are important in metabolism are hypoxanthine, xanthine and uric 
acid (Table 1.3). As occurred with pyrimidines, several tautometic structures are in 
pH-dependent equilibrium, and there is strong absorbance of ultraviolet light around 
250-260 nm. Purines, particularly xanthine and uric acid, are rather insoluble in water, 
at pH 7. -
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Table 1.3 Derivatives of purines and pyrimidines 
Nucleoside Nucleotide pKa of free base 
Amino Enol 
Purines 
Adenine Adenosine Adenylic acid 4.2 —— 
(adenosine monophosphate, 
AMP) 
Guanine Giianosine Guanylic acid 3.3 9.2 
(guanosine monophosphate, 
GMP) 
Hypoxanthine Inosine Inosinic acid — 8.9 
(inosine monophosphate, IMP) 
Uric acid — — —— 5.4, 10.3 




Cytosine Cytidine Cytidylic acid 4.6 12.2 
(cytidine monophosphate, CMP) 
Orotic acid Orotidine Orotidylic acid —— 9.4 
(orotidine monophosphate, —— (2.4 carboxyl) 
OMP) 
Thymine Thymidine Thymidylic acid —— 9.8 
(thymidine monophosphate, 
dTMP) 
Uracil Uridine Uridylic acid — 5.4 
(uridine monophosphate, UMP) 
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The principal products of nucleic acid breakdown are nucleoside-5'-
monophosphates. Free purines and pyrimidines may be degraded, or reincorporated 
into nucleotides by salvage pathways. Figures 1.1-2 showed the degradation of 
purine and pyrimidine nucleotides. 
Degradation of purines 
Purines are oxidised by molecular oxygen, through the action of xanthine 
oxidase, a complex enzyme which oxidises hypoxanthine to xanthine, and xanthine to 
uric acid. Its prosthetic groups are molybdenum and non-haem iron, and it reduces 
oxygen to superoxide (O2'). This dangerously reactive radical is removed by 
superoxide dismutase and catalase: 
2O2" + 2H+ — H2O2 + O2 
superoxide dismutase 
2H2O2 — 2H2O + O2 
catalase 
Uric acid is excreted by human and other primates, and is the principal 
nitrogen-containing excretory product of birds and reptiles. In other mammals purine 
2 8 
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catabolism continues to allantoin, which in fish and lower animals is degraded to urea 
and glyoxylate. 
Degradation of pyrimidhtes 
Pyrimidines are usually completely broken down, and do not appear in the 
urine unless large quantities are ingested. One of the products, P-alanine, can be 
incorporated into coenzyme A, or such peptides as carnosine or anserine. 
Scavenger pathways 
Purines may be reconverted to nucleotides by the action of phosphoribosyl 
transferases. There are two enzymes of this type, one acting on adenine, the other on 
hypoxanthine or guanine. Although the reactions are reversible, the concentration of 
pyrophosphate within cells is invariably low, so these enzymes probably do not 
function in nucleotide degradation. They are important in the acquisition of purines 
from the blood, by erythrocytes and peripheral tissues. There are also scavenger 
pathways for pyrimidines. These are used experimentally in the labelling of DNA: 
radioactive thymidine is rapidly converted to its nucleotides, which are then 




Guanine nucleotides Adenine nucleotides 
nucleotidase / ^ A M P deaminase 
N u c l e o t i d a s e ^ p . V ^ l | ^ 
f p + 
T Adenosin^ NH4 jMP 
Guanosine / 
i adenosine deaminase / nucleotidase 
p + > A 
, NH4 j、Pi 
Purine nucleosidef • 
phosphorylase Inosine 
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ribose phosphorylase f 
1-phosphate 
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Xanthine>^ ^ Uric acid 
xanthine oxidase 
Figure 1.1 Degradation of purine nucleotides 
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Figure 1.2 Pathways for the degradation of pyrimidine 
nucleotides 
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Detection ofpurines and pyrimidines 
Purines play a crucial role in virtually all biological processes. They are of 
prime importance as the source of cellular energy, ATP and, together with 
pyrimidines, are the building blocks ofthe DNA and RNA which store, transcribe and 
translate genetic information. Cellular purines are generally derived exclusively from 
endogenous sources and in normal circumstances dietary purines make no 
contribution to this. The normal end-product of purine metabolism in man is uric 
acid. 
Methods to measure hypoxanthine reliably in plasma were not available until 
the middle of the last decade, limiting the information about hypoxanthine in 
pathophysiologic conditions. The first spectrophotometric methods fbr measurements 
of plasma hypoxanthine in the late 1940s and early 1950s were inaccurate, laborious, 
and required large amounts of blood (Jorgensen and Poulsen, 1955). When 
hypoxanthine was measured for the first time in umbilical cord plasma after 
uncomplicated deliveries in 1972 (Hayashi et al., 1972), 40 ml of blood were 
required. The introduction of the pO2 method a few years later made it possible to 
measure hypoxanthine levels in plasma and other body fluids systematically 
(Saugstad, 1975b). This method is based on the principle that oxygen is consumed 
when hypoxanthine is oxidised to xanthine and urate. The hypoxanthine 
concentration can be calculated by measuring the fall in pO2 in the solution after 
addition of xanthine oxidase. The method is simple, inexpensive, and rapid, requiring 
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not more than 200 jil plasma. A drawback is that half the xanthine present is 
measured as hypoxanthine resulting in a somewhat high hypoxanthine value. The 
xanthine/hypoxanthine ratio in plasma and other body fluids is normally 20-45% 
(Simmonds and Harkness, 1981; Harkness et al., 1984) and decreases to between 5 
and 12% in hypoxia (Harkness et al., 1984). Thus the error becomes almost 
negligible, at least in the hypoxic state. The pO2 method is not sensitive at very low 
hypoxanthine concentrations (less than 3-5 ^mol/litre). 
Fluorometry (Gardiner, 1979; Sumi and Umeda, 1979) and high performance 
liquid chromatography (HPLC) (Hartwick and Brown, 1976; Wiing and Howell, 
1980; Simmonds and Harkness, 1981; Boiilieu et al., 1982) provide methods with 
greater sensitivity. Although several other methods have been described, pO2 
fluorometric, or HPLC methods are the most generally used. The fluorometric 
method also adds half of the xanthine present to the hypoxanthine. In one study 
where this method was compared with the pO2 method, the fluorometric technique 
had a higher precision and lower blood volumes were required (50 |_il) (Lun et aL, 
1983). Plasma hypoxanthine measurements have been compared using the pO2 and 
HPLC methods in three studies (Guicheney et al., 1978; O'Connor et cil., 1981; 
Saugstad et al., 1982), and correlation coefficients between the two methods ranged 
between 0.88 and 0.99. In summary, the pO2 method is less expensive, simpler, and 
faster than HPLC method, whereas HPLC is more sensitive, especially at low 
concentrations. HPLC also separates other purines as well as pyrimidine and its 
metabolites. 
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1.2.3 Free oxygen radicals and major diseases 
It is intriguing that in all aspects of medical research, and particularly with free 
radicals, renewed interest in a previously proposed disease mechanism occurs. This is 
especially true for the involvement of free radicals in atherosclerosis, which was first 
proposed in the 1930s. 
Low-density lipoprotein (LDL) oxidation may play a significant role in the 
development of atherosclerotic lesions (Jurgens et al., 1986). Normally, molecules of 
LDL entering cells are regulated by receptor expression in order that the cell can 
maintain a steady state of metabolism. However, oxidised LDL is taken up by a 
separate scavenger receptor of the macrophage, which is not down-regulated. This 
leads to accumulation of cholesterol within the cell. Not only is oxidised LDL 
cytotoxic to endothelial cells, but it accounts for the appearance of foam cells, which 
is an early pathological change associated with atherosclerotic plaque formation. 
HPLC and GC-MS procedures have established beyond doubt the oxidation of lipids 
associated with LDL. However, what has not been established is whether endothelial 
cell damage and atheroma formation is initiated by oxidised LDL in vivo. 
There has been considerable interest over the past several years in the role of 
reactive oxygen species in myocardial ischaemia and reperfusion injury. Several 
possible sources have been identified as responsible for the production of reactive 
oxygen species after ischaemia and reperfusion: the disrupted mitochondrial electron 
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transport system, the enzyme xanthine oxidase, the activated polymorphonuclear 
leukocyte, and the metabolism of catecholamines and arachidonic acid. The ability of 
antioxidant enzymes and scavengers to improve mechanical, mitochondrial, and 
sarcoplasmic reticulum function in animal models of ischaemic-reperfiision injury 
also suggests that reactive oxygen species are, at least in part, responsible for 
myocardial damage in model systems (McCord, 1985). 
With long-term insulin treatment, diabetic patients live longer. As a result, 
they may be chronically exposed to high levels of glucose. Long-term glycation of 
protein and DNA in diabetes is thought to give rise to the complications of diabetes 
(microangiopathy and nephropathy). The covalent linkage of glucose to proteins 
gives rise to modifications in the structure that can be identified as fluorescent and 
ultimately may give rise to aggregation and denaturation of the proteins. This 
fluorescence has been partially characterised and may be related to the free radical 
auto-oxidation of glucose and its subsequent reaction with proteins. Ils presence 
associated with circulating IgG and albumin has been correlated with 
microangiopathic complications in diabetes mellitus (Jones et al., 1988). 
Neutrophils, sensitised monocytes, and macrophages are all cells that invade 
areas of inflammatory activity and release reactive oxygen species under the influence 
of a wide variety of stimuli: these include both phagocytosable and nonparticulate 
material. Lymphocytes are included in the barrage of cells infiltrating innammatory 
sites. Although these cells do not normally generate reactive oxygen species, they 
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could be envisaged as prime targets for reactive oxygen species activity resulting in 
their dysfunction and ultimately their death. 
In rheumatoid arthritis and systemic lupus erythematosus (SLE) (both chronic 
inflammatory diseases), the stimuli for increased cell activity are immune complexes. 
In the rheumatoid joint the complexes are IgG and anti-IgG (rheumatoid factor) 
antibodies. In SLE the complexes are formed from DNA and anti-DNA antibodies. 
These complexes are thought to perpetuate inflammation, influencing transition from 
an acute to a chronic inflammatory situation. Lymphocytes present at the site of 
inflammation may be selectively damaged by such mechanisms. Certain T-cell 
subsets, which play a role in modulating the immune response, are in a critical 
balance. An imbalance in favour of uncontrolled immunoglobulin antibody secretion 
is a characteristic of SLE (systematically )and in rheumatoid arthritis locally within 
thejoint. 
This activity may be self-perpetuating in each case because the original 
antigen, i.e., IgG in rheumatoid arthritis, or double-stranded DNA in the case of SLE, 
can be modified in vitro to bind inore avidly to their respective antibodies. These 
observations give considerable credence to the involvement of reactive oxygen 
species in the development of autoimmune phenomena during chronic inflammation 
(Lunec et al., 1985; Blount et al., 1990). 
In the aetiology of cancer, two phases can be characterised, an initiation and a 
promotion phase. In the initiation stage a chemical, physical, or biological agent 
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directly induces an alteration in the molecular structure ofDNA. The alteration, if not 
repaired, may induce mutation giving rise to malignant change. It is well documented 
that reactive oxygen species can damage DNA. Clinically, chronic inflammation is 
known to be associated with a higher risk of carcinogenesis. Radiation, which can 
also give rise to carcinogenesis, generates hydroxyl radicals through the fission of 
water molecules, providing the potential for DNA damage. Cigarette smoke and other 
environmental carcinogens also are thought to affect DNA via semiquinone radicals 
which, because they interchelate with DNA and cause site-specific damage, may lead 
to mutation and ultimately to carcinogenesis (Pryor, 1987). 
Among the other diseases with which reactive oxygen species have been 
linked are Parkinson's disease, retrolental fibroplasia, cancer, and ageing. As 
improved technology for measuring free radical activity in vivo emerges (Table 1.2), 
it is likely that this list will become longer because, like prostaglandins, Ieukotrienes, 
or interleukins, reactive oxygen species are unlikely to be a specific cause of any one 
disease, but more likely an element in the mechanism of many generalised 
pathological processes. 
1.2.4 Oxygen-derived free radicals and fetal hypoxia 
Oxygen free radicals are generated in the tissues during and after the hypoxic-
ischaemic insult. During hypoxia, oxygen free radicals are formed as byproducts in 
the synthesis of prostaglandins by the action of the enzymes cyclooxygenase and 
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lipoxygenase (Wolfe, 1982; Vannucci, 1990). Another source is the reaction that 
synthesises uric acid from adenine nucleotides (Vannucci, 1990). As ATP degrades 
during hypoxia, AMP accumulates and is not rephosphorylated to ATP because of the 
lack of oxygen. Therefore more AMP is converted to adenosine and then to 
hypoxanthine. Normally, hypoxanthine is converted sequentially to xanthine and uric 
acid by xanthine dehydrogenase, which uses the oxidised form of nicotinamide-
adenine dinucleotide as the acceptor of electrons, without generating free radicals. 
However, during hypoxia, the enzyme xanthine dehydrogenase is transformed to 
xanthine oxidase by a reaction that is activated by the increase in the cytosolic 
calcium concentration. Xanthine oxidase also metabolises hypoxanthine to uric acid, 
but instead of the oxidised form of nicotinamide-adenine dinucleotide, it uses oxygen 
as the acceptor of electrons, generating superoxide anions. 
Recently it has been shown that oxygen radicals are involved in a series of 
disease processes. Possibly oxygen radicals formed through the hypoxanthine-
xanthine oxidase system are a cause of the dramatic tissue injury seeii after hypoxia in 
the reoxygenation period. Because hypoxanthine accumulates in hypoxia and because 
oxygen is subsequently administered as treatment, large amounts of oxygen radicals 
can be assumed to be formed (Saugstad and Asen, 1980). 
Severe fetal asphyxia may have a broad range of effects on the brain, from no 
evident alteration in brain function to profound cerebral palsy. In past years a large 
amount of information has been collected on the fetal cardiovascular and respiratory 
responses to oxygen limitation, giving rise to a better understanding and management 
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of neonatal deterioration induced by asphyxia. Besides these physiologic studies, 
cellular and biochemical mechanisms involved in the production of cell death are 
being increasingly explored, particularly in the adult with respect to focal (e.g. stroke) 
and global (e.g. cardiac arrest) hypoxia-ischaemia (Raichle, 1983). Many of these 
alterations are also being recognised in the immature brain (Vannucci, 1990). A 
thorough knowledge of these biochemical events may lead to recognition of certain 
steps that may be amenable to pharmacologic intervention to limit or even prevent 
neuronal cell damage during presumed or actual fetal asphyxia. 
Current evidence suggests that, in addition to a severe hypoxic insult, some 
associated cardiocirculatory failure or collapse is required to produce brain damage 
(De Courten-Myers et al., 1989). This cardiovascular collapse probably produces a 
reversal of the initial cerebral vasodilatation observed in the hypoxic fetal brain, 
therefore adding an actual or relative ischaemic component to the hypoxic insult 
during severe asphyxia in the fetus. 
It seems likely that production of oxygen radicals by the hypoxanthine-
xanthine oxidase system after reoxygenation after hypoxia contribute importantly to a 
series of diseases in new-bom babies. Animal studies document that the 
concentrations of the oxygen radical scavengers superoxide dismutase, glutathione 
peroxidase, and catalase are low before term and reach peak values around term 
(Autor et al., 1976; Tanswell and Freeman, 1984; Gerdin et al., 1985). This may 
partly explain the higher incidence of neurological damage to preterm infants as 
compared to term infants following hypoxic episodes. 
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Tissue hypoxia can represent a serious insult both in the neonatal and adult 
period of life. Tissue hypoxia can be evaluated by a series of biochemical 
measurements. When diagnosing hypoxia with biochemical indicators, one is really 
interested in measuring the intra-cellular energy change, but unfortunately few 
metabolites are suitable for this purpose. Further, to find a clear correlation between a 
biochemically measured value and the final outcome of hypoxia is difficult. A high 
negative correlation between the intracellular energy change and the purine metabolite 
hypoxanthine has been found (O'Connor et al., 1981). Measurements of 
hypoxanthine can therefore be used as an indicator of hypoxia. Hypoxanthine is 
easily measured in extracellular fluids, and in the last 15-20 years an extensive 
literature on this metabolite in hypoxia has been accumulated . 
Despite general agreement on the importance of intrapartum hypoxia, the 
methods for its diagnosis lack specificity and the methods for its assessment are 
difficult to quantify especially for comparison (Brown, 1976a; Hill, 1979; O'Connor 
et al., 1981). A cumulative measure of the metabolic damage due to hypoxia would 
therefore be helpfui. 
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1.3 Acid-base status in cord blood 
Umbilical acid-base measurements provide a more objective evaluation of 
fetal and neonatal status than does the Apgar score. Among fetuses with low Apgar 
scores, only 30-40% are genuinely acidotic at delivery (Page et al., 1986; Low, 1988). 
Umbilical cord gases are a more true measure of fetal asphyxia (Richards and 
Johnson, 1993). If a new-born is depressed for reasons other than hypoxia and 
acidosis, there may be subtle fetal heart rate changes during labour. If an obstetrician 
incorrectly assumes a neonate to be asphyxiated, incorrect conclusions may be drawn 
from fetal heart rate patterns. The obstetrician may also unnecessarily intervene the 
delivery with Caesarean section. Only when umbilical acid-base measurements are 
taken does the obstetrician have a valid marker for asphyxia by which to interpret the 
intrapartum events correctly. 
1.3.1 Correlation between obstetric clinical events and cord blood acid-base 
The measurement of the fetal blood gases , by umbilical cord blood sampling 
at delivery, is an objective means of assessing the biochemical status of the fetus 
either in utero or at delivery. Unlike the Apgar score, which is affected by any factor 
that has an impact on the transition to ex iitero life, measurement of fetal blood gases 
supplies specific information on the intrauterine milieu just preceding the sample. 
I 
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Despite uncertainty as to how well the measurements can predict long-term 
neurologic outcome, they provide an important assessment for the perinatal period, 
allowing the clinician to evaluate the appropriateness of intrapartum care (Gregg and 
Weiner, 1993). 
Frequency of use and indications 
The analysis of umbilical blood acid-base values at delivery is an accepted 
procedure among the majority of academic centres. Most centres consider this test of 
fetal well-being to be clinically useful, and also of assistance in reducing litigation 
risks. Many centres are of the opinion that the test is cost-effective, but this is a 
difficult assessment. About one in four of these obstetric units tries to obtain samples 
from all delivered patients, whereas the remainder obtain them only on selected cases. 
Abnormal fetal heart rate tracings and low Apgar scores are the most common 
indications. 
Whereas all centres analyse pH in their assessment, the methodologies and 
adjustments vary considerably. It is important to standardise these procedures so 
clinicians and investigators from different centres can communicate and exchange 
data more productively. 
In recent years, umbilical blood acid-base studies have become one of the 
most important additions to the obstetrician's monitoring devices. For example, the 
false-positive monitoring strip can be identified. This has confounded efforts to 
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improve obstetric intrapartum management, to understand the pathophysiology of 
poor fetal outcome, and to deliver cost-effective care. Umbilical cord blood analyses 
will not accomplish all these objectives, but they will help us identify clearly the 
contributions of intrapartum fetal acidosis to poor fetal outcome. This information 
will foster further improvements in management. 
Some have argued that umbilical acid-base studies are worthless because they 
are obtained after the fact, when the baby already has been delivered (Richards and 
Johnson, 1993). Even though cord gas values do not affect the obstetric care of the 
particular patient, the immediate feedback that the obstetrician obtains helps in 
interpretation and learning about fetal heart rate tracings. When this form of 
comparison becomes routine, future decision making will improve. 
Importance of oxygen in fetal acid-base balance 
Alterations in fetal acid-base balance may result from causes not directly 
related to the supply of oxygen to the fetus in utero. These include maternal diabetes 
mellitus, acidosis with prolonged labour, chronic renal disease, intestinal obstruction, 
severe vomiting, dehydration, chronic pulmonary disease, and hyperventilation. 
However, it is unusual for a deranged acid-base equilibrium in the mother to produce 
a fetal acid-base abnormality. ‘ 
By far the most common cause of fetal acid-base imbalance is a deficient 
supply of oxygen, resulting in acidosis. The mother can contribute to this problem by 
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having the f o l l ow ing disorders: cyanotic heart disease; severe infect ion; 
hypovent i la t ion w i t h hypercapnia; severe anaemia; or placental hypoperfusion caused 
by hypotension, hypertension, or uterine tetany. Impaired placental exchange, e.g., 
placental separation or severe infarct ion, can be a factor. On the fetal side, anaemia or 
umbi l i ca l cord compression w i t h decreased umbi l ical b lood flow also caii restrict the 
avai labi l i ty o f oxygen. Because fetal acidosis results when fetal oxygenation is 
insuff ic ient, measurements o f fetal acid-base balance should be useful to determine i f 
the fetus is undergoing or has undergone hypoxia. Cl in ical experience, as determined 
by cord blood pH measurements at bir th, confirms this (Johnson et al., 1990). 
Maternal fetal acid-base balance is important to understand fetal physiology 
and homeostasis. Moreover, acid-base values in the fetus and the mother can be used 
to assess the adequacy o f fetal oxygenation aiid ,thereby, fetal wel l-being in utero. 
Some famil iar aspects o f acid-base physiology readily can be applied to our 
understanding o f fetal acid-base balance. 
When the fetus produces metabolic acids during hypoxia, the bicarbonate 
concentration in the fetal plasma decreases, lowering the bicarbonate-to-partial 
pressure o f CO2 (pCO2) ratio, and causing metabolic acidosis. The other pr imary 
influence on fetal acid-base balance is respiratory. For example, maternal 
hypoventi lat ion can cause an elevated^pCO2, a lower bicarbonate to pCO2 ratio and 
respiratory acidosis in the fetus. Alternatively, moderate maternal hyperventi lat ion 
can decrease maternal and fetal pCO2, causing a higher ratio and respiratory alkalosis. 
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When oxygenat ion o f the tissues is insuff ic ient, excess acid accumulates and 
produces a combinat ion o f hypox ia and acidosis. The concentration o f oxygen and 
the acid-base variables in the tissues must be known for a proper understanding o f t h e 
status o f t h e fetus. Pract ical ly, however, only the levels o f oxygenat ion and acid-base 
balance in the b lood can be measured. 
H o w we l l do b lood levels represent what occurs in the tissues? Tissue 
I condit ions can be approximated most closely by measurements obtained f rom the 
b lood draining the capil laries bathing those tissues, i.e., the mixed return o f venous 
blood. The mixed venous return for the entire fetus collects in the umbi l ica l artery, 
and measurements f rom there correlate best w i th fetal tissue oxygenation and acid-
base status. In other words, umbi l ica l artery blood depicts fetal metabolism, whereas 
the umbi l ica l venous b lood reflects uteroplacental metabolism. 
I n normal circumstances, a fa i r ly constant difference is maintained between 
the umbi l ica l vein and artery, ref lect ing the metabolic alterations as the blood 
traverses the fetal circulation. This is not always the case, however. I f the fetal 
c i rculat ion through the umbi l ica l cord is slowed suff ic ient ly by cord compression, for 
example, the fetus w i l l become hypoxaemic and acidaemic, as shown by umbi l ica l 
artery measurements. However, the increased exposure t ime o f the fetal blood in the 
placenta increases the transplacental passage o f oxygen and may result i i i normal 
！ oxygenation and acid-base levels in the blood draining the placenta into the umbi l ica l 







The placenta is the organ o f fetal respiration and normal ly provides suff ic ient 
oxygen for fetal g rowth and development under conditions o f aerobic metabolism. 
When the placental transfer o f oxygen is restricted, complete oxidative metabolism o f 
carbohydrates to CO2 and water is impossible. Fetal metabolism proceeds along 
anaerobic pathways, and an excess amount o f lactic acid accumulates. The excess 
hydrogen ions react w i t h bicarbonate in the fetal blood, lower the bicarbonate 
concentration, and cause metabolic acidosis. 
Umbilical acid-base studies guide neonatal management 
In the past, the term "asphyxiated" was used somewhat broadly to refer to any 
new-born who had low Apgar scores. The assumption that low Apgar scores meant 
asphyxia was so deeply ingrained in medical knowledge at one time that a low Apgar 
score was deemed equivalent to asphyxia. It was only the correlation o f cord blood 
gas values w i th Apgar scores that led to our understanding that low Apgar scores 
could be caused by many different factors other than asphyxia. This is particularly 
true in the premature infant. For this reason, it is important to establish the cause o f 
the low Apgar scores, using cord blood gas values to establish the presence or absence 
o f asphyxia. 
The term "asphyxia" means impaired oxygen and carbon dioxide exchange 
i occurring because o f respiratory or circulatory failure (Basmajian e/ al., 1982). L o w 




I causes other than asphyxia. Immatur i ty , anaesthetics, narcotic analgesics or other 
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I drugs, sepsis, trauma, fetal anomalies, disease o f the central nervous system, or 
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丨  problems w i t h resuscitation may cause low Apgar scores in the absence o f asphyxia, 
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Percutaneous umbi l ical blood sampling provides fetal blood to assess 
intrauterine growth retardation and other antepartum complications. This technique or 
cordocentesis is done by inserting a needle into the placental end o f the umbi l ical vein 
under ultrasonic guidance. Blood is obtained under conditions that are relatively free 
o f anaesthesia or other forms o f fetal stress, which otherwise distort cord blood gases 
and acid-base measurements. Evidence o f severe hypoxia and acidosis can be treated 
by early delivery to avoid fetal injury or death in utero 
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In labour: Scalp pH 
The measurement o f scalp p H is used as a biochemical conf i rmat ion when 
fetal b iophysical measures or fetal heart rate moni tor ing show serious fetal d i f f i cu l t y 
dur ing labour. A cone-shaped endoscope (amnioscope) w i t h a l ight source is used to 
expose the fetal scalp, permit cleansing, and exclude amniot ic f lu id. Fetal b lood is 
obtained f rom a 2 - m m scalp incision, a l lowed to f l ow freely, and collected in long 
heparinised glass tubes for oxygen and acid-base analyses. Often, the scalp p H is 
used as the f inal determinant o f severe hypoxia dur ing labour and the need for 
operative del ivery o f the fetus. 
At delivery: Cord hloodgases 
Umbi l i ca l cord blood sampling is done immediately after del ivery by double 
c lamping o f a segment o f the cord approximately 25-30 cm long. B lood samples are 
analysed wi thout delay. 
B lood taken f rom the umbi l ical cord at delivery reflects the fetal acid-base 
status dur ing the delivery process and indicates oxygenation suff iciency just before 
birth. Subsequent events in the neonatal period may be attributed to bir th asphyxia 
when they actually have other causes. Normal acid-base values in most instances 
indicate that the intrapartum management o f labour and delivery did not contribute to 
a result for which bir th asphyxia might otherwise be blamed. Acid-base 




bi r th asphyxia than Apgar scores (Johnson et cd, 1990; V intz i leos et ciL, 1992), and an 
increasing number o f obstetric services agree that sampl ing o f b lood f rom the 
umb i l i ca l cord should be done rout inely at birth. 
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The pH, pCO2 and pO2 o f the b lood can be measured; the bicarbonate 
.! 
:j 
：! concentrat ion and percentage oxygen saturation can be determined f rom these 
measurements. F rom the measured values and the haemoglobin level, the base excess 
or def ic i t can be calculated. The p H and the base excess or defici t are the most useful 
values to assess the fetal condit ion. 
Fetal acid-base status 
pH： The fetal p H is normal ly 0.1-unit lower than the mother's because o f the 
d i f fus ion gradient required to transfer C〇2 across the placenta. Concentrations o f 
matemal and fetal base excess are almost the same before labour; therefore, the higher 
fetal pCO2 causes a lower fetal bicarbonate to pCO2 ratio and a lower fetal pH. 
Because p H is measured on a logari thmic scale, this apparently small difference is 
equal to a hydrogen ion concentration in fetal blood that is 25% higher than the 
corresponding matemal value. When the fetal blood pH reaches 7.20, this difference 
increases to 0.2 units, wh ich corresponds to a fetal hydrogen ion concentration 60% 
greater than that o f the mother. Under conditions o f severe fetal acidaemia w i th a 
fetal p H o f7 .0 , the fetal hydrogen ion concentration is 2.5-fold that oFthe mother. As 
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the fetal p H drops to 6.9 or 6.8, the fetal hydrogen ion concentrat ion becomes three-
and four fo ld that o f the mother. 
N o r m a l cord b lood values are di f ferent for the umbi l ica l artery and vein. 
Ac idaemia dur ing labour has been defined as a p H below 7.15 in the umbi l ica l artery 
or 7.20 in the umbi l i ca l vein. Before the onset o f labour, acidaemia has been 
designated as a p H be low 7.20 in the umbi l ica l artery or 7.26 in the umbi l ica l ve in 
(Vintz i leos et al., 1992). For fetal scalp blood obtained dur ing labour, a p H above 
7.25 is considered normal; one between 7.20 and 7.25, borderl ine and requir ing 
repeti t ion; and one below 7.20, an indicat ion for obstetric intervention. 
pCC>2: Analysis o f b lood gases is done along w i th the determination o f pH. 
The CO2 tension can be measured w i th acceptable accuracy using one o f the standard 
microanalysis instruments. The pCO2 indicates whether there is a respiratory 
component to the acidosis. Changes in pCO2 result f rom a pr imary respiratory cause 
o f acidosis or a respiratory compensation for metabolic acidosis. 
pO2, oxygen content, and oxygen saturation: The pO2 is measured routinely 
using 50-100 ^1 o f fetal blood during the assessment o f fetal acid-base status. Using 
this small volume o f sample, oxygen tension can be measured wi th acceptable 
precision in a microanalyser, but it is d i f f icu l t to determine oxygen content or 
saturation accurately. Because pO2 is a measure o f pressure and saturation reflects the 
quantity o f oxygen available to the fetus for metabolism, oxygen saturation is a better 
indicator o f fetal oxygenation and oxygen reserves than pO2. 
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The oxygen content measures the quantity o f oxygen ( in mi l l imoIes per l i tre) 
in the b lood; the oxygen capacity is the m a x i m u m amount it can hold under standard 
condit ions. The percentage oxygen saturation o f the b lood is the oxygen content 
d iv ided by its capacity. Because o f the presence o f haemoglobin, there is a complex 
relat ionship between pO2 and oxygen saturation, i.e., the sigmoid-shaped oxygen 
dissociat ion curve. The fetal dissociation curve lies to the left o f the maternal one and 
enhances the uptake o f oxygen f rom matemal blood. 
The fetal curve also is steeper than that o f the adult one, therefore, the fetal 
b lood normal ly loads and unloads large quantities o f oxygen in a narrow pO2 range. 
A smal l change or even a small error in fetal pO2 can represent a large change in the 
percentage saturation o f fetal blood. Moreover, the oxygen dissociation curve is 
inf luenced by changes in pH, wh ich is called the Bohr effect. Acidosis moves the 
fetal curve to the r ight, wh ich also makes the fetal pO2 a misleading measure o f fetal 
hypoxia. 
I t is noted that fetal pO2 changes may not accompany sizeable reductions in 
fetal oxygen reserves (as measured by oxygen saturation). Fetal p()2 may not foll 
measurably unt i l oxygen reserves have been severely depleted. Because o f these 
di f f icul t ies, pO2 values are not reliable in assessing the status o f the fetus or deciding 




Buffer base and base excess or deficit: When f ixed acids are produced 
during episodes o f fetal hypoxia, the p H decreases. However, buffer ing and 
respiratory compensation can leave the p H relatively unchanged. The depletion o f 
buffer base under these conditions creates a “base def ic i t " that can be estimated more 
readily than the min imal changes in pH. A n additional advantage o f using the base 
defici t is that changes are relatively prolonged because o f p o o r placental permeabil i ty 
to electrically charged bicarbonate or buffer base. 
“Base excess" can be defined as the calculated buffer base minus the normal 
buffer base. A negative base excess is a base deficit. The base deficit (or base excess) 
cannot be measured directly but is determined f rom a nomogram using measured 
values for pH and pCO2 or bicarbonate concentration (Siggaard, 1963). The 
concentration ofhaemoglobin, the another important buffer besides bicarbonate, helps 
to determine the level o f buffer base and therefore ofbase deficit or base excess. 
The normal range o f buffer base is 46 to 49 mEq/L. By definit ion, in the 
nonpregnant woman, the normal base deficit or base excess equals 0 mHq/L. Actual 
calculations show the normal range o f base excess is -2.0 to +1.0 mEq/L. Dur ing 
pregnancy, the mother hyperventilates and decreases her plasma bicarbonate but keeps 
her plasma p H constant. She also has a relative anaemia and hypoproteinemia. In this 
setting, buffer base is depleted, creating a base deficit o f 2 to 3 mEq/L. This can also 
be expressed as a base excess o f - 2 to -3 mEq/L. 
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A metabolic acidosis results in excess acid and a decreased buffer base. This 
is expressed as a base defici t or a negative base excess. Conversely, metabolic 
alkalosis results f rom loss o f acid and increases buffer base. This is expressed as a 
negative base defici t or a base excess. 
Bicarbonate concentration: I f two o f the three variables in the Henderson-
Hasselbalch equation are known, the th i rd can be calculated. Because p H and pCO2 
are measured, the bicarbonate concentration can be calculated algebraically or f rom a 
nomogram. Bicarbonate is one o f the most important buffers, but the buffer base is a 
broader measurement o f total buffer ing capacity. The base excess value, unl ike the 
bicarbonate concentration, also considers the haemoglobin concentration. Cl in ical ly , 
the base excess or base deficit is more useful than the bicarbonate concentration. 
Significance of cord acid-base values as outcome measures 
N o r m a l : The normal fetal pH before labour equals or exceeds 7.20 in the 
umbi l ical artery and 7.26 in the umbi l ical vein. During labour, these values decrease 
progressively (Vintzi leos et al., 1992). For fetai scalp blood obtained during labour, 
the normal value is 7.25, w i th 7.20-7.25 considered borderline. The mean fetal pCO2 
is 51 mmHg in the umbilical artery and 43 mmHg in the umbilical vein, and the 
values for pO2 are 18 and 28 mmHg, respectively. Fetal arteriovenous differences are 
small for both bicarbonate and base excess concentrations: the bicarbonate level is 
normally 24 mEq/1 in the umbil ical artery and 23 mEq/l in the vein; the base excess is 








:,| Pure and mixed acidosis; Whenever oxygen to the fetiis in i itero is restricted, 
:i ] 
;i the excret ion o f C O 2 is also l imi ted. As the fetus produces metabol ic acids, the pCO2 
:|-
increases. A l ternat ive ly , matemal hypovent i lat ion that results in fetal hypercapnia 
also causes tissue hypox ia and the product ion o f metabolic acids. Because o f this, 
fetal acidosis is usually a m ixed acidosis rather than purely metabolic or respiratory. 
Acute hypox ia and acidosis ordinar i ly decrease base excess and increase pCO2. 
Dur ing recovery f rom acidosis, the base excess may remain low w i l h no elevation in 
pCO2. 
Acid-base values in neonate: New-born cord blood is m i ld l y acidotic and 
hypoxaemic compared w i t h maternal blood. Dur ing the first 2-3 minutes o f l i fe the 
neonate becomes even more acidic, but by 10 minutes o f age, the acid-base status has 
normal ly returned to levels compatible w i th those at birth. Recovery proceeds toward 
normal maternal acid-base levels and reaches a p H o f 7.30 and a pCO2 o f 32 m m H g 
by 1 hour o f l i fe. The new-bom infant normal ly recovers w i th in a few hours by 
exhal ing CO2 and metabolising f ixed acids as the perfusion o f its tissues improves. 
These adjustments precede any renal compensation by the neonate. Exposure to cold 
increases the metabolic rate and impairs recovery f rom metabolic acidosis, 
part icularly in neonates w i t h respiratory depression (James, 1976). 
Reference ranges of acid-base: The fo l lowing two tables reflect the mean, 
standard deviation, and percentiles f rom unselected term and preterm infants delivered 
vaginal ly (Tables 1.4 and 1.5) (Ri ley and Johnson, 1993). Surprisingly, the reference 
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ranges were essentially the same for the term and preterm infants. S imi lar f indings 
^ were reported others (D ick inson et al, 1992). 
The pr imary benefits o f determining umbi l ica l cord gas values are: 
:.丨 
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li ( ! ) immediate feedback by wh ich the obstetrician can evaluate and learn about 
ii 
：1 . . • 
丨 the intrapartum course o f an ind iv idual patient. ； j 
:j (2) an object ive end point by wh i ch the value o f protocols for antepartum and 
! 
J intrapartum intervent ion can be judged. 
(3) in format ion about the status o f the neonate that can help direct immediate 
neonatal management. 
(4) in format ion that w i l l help reveal the pathophysiology o f prenatal disease. 
(5) an objective measurement by wh ich the quali ty o f intrapartum obstetrical 
care can be evaluated (Richards and Johnson, 1993). 
The umbi l ica l vessel samples most often used are separate arterial and venous 
samples. Surprisingly, the remaining 10% submit only an umbi l ical venous sample or 
a mixed arterial and venous sample. Either the venous or the mixed arterial and 
venous sample could be misleading because their p H levels wou ld reflect fetal status 
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I Table 1.4 Reference ranges of 1,015 preterm infants delivered vaginally (Riley 
；( 
j • 
丨 and Johnson, 1993) 
I Ac id-Base Factor Ar ter ia l Venous 
i- Mean ^ Mean ^ 
I pO2 ( m m H g ) K~ \ W T L 9 ^ 
I pCO2 ( m m H g ) 50.2 12.3 41.7 10.1 
p H 7.28 0.089 7.35 0.81 
B E (mEq/ l ) -2.5 3 -2.1 2.2 
HCO3 (mEq/l) 22.4 3.5 2 1 .8 2.6 
O2 saturation (%) 25.1 17 47.9 18.5 
O2 content 4 ^ ^ 9.2 3.6 
pO2 = part ial pressure o f oxygen; pCO2 : partial pressure o f carbon dioxide; BE = 
base excess; HCO3 = bicarbonate; SD 二 standard deviation. 
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Table 1.5 Reference ranges of3,522 term infants delivered vaginally (Riley and 
Johnson, 1993) 
Acid-Base Factor Ar ter ia l V e n ^ 
Mean SD Mean SD 
pO2 ( m m H g ) r ^ 8 2 2 ^ 5 f j 
pCO2 ( m m H g ) 50.3 11.1 40.7 7.9 
p H 7.27 0.069 7.34 0.063 
B E (mEq/ l ) -2.7 2.8 -2.4 2 
HCO3 (mEq/l) 22 3.6 21.4 2.5 
O2 saturation (%) 23.3 16.2 49.4 16.9 
O2 content 4 ^ ^ 2 9.8 3.3 
pO2 二 part ial pressure o f oxygen; pCO2 二 partial pressure o f carbon dioxide; BE = 
base xcess; HCO3 二 bicarbonate; SD 二 standard deviation. 
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1.4 Intrapartum cardiotocography (CTG) analysis 
Classif ication o f C T G traces has been the subject o f discussion in the literature 
for two decades. One o f the most common methods used during pregnancy, 
introduced in the mid-1970s, relies on the presence o f accelerations associated w i th 
fetal movements a so called reactive trace (Lee et al., 1975; Flynn and Kel ly , 1977; 
Raybum et aL, 1978) to ident i fy normali ty. Scoring systems have also been 
developed (Fischer et al., 1976; .Kaar, 1980; Pearson and Weaver, 1978; Krebs and 
Petres, 1978), as have alternative descriptive classifications (Emmen et cil., 1975; 
Merkur, 1979; Visser and Huisjes, 1977). Intrapartum classification ofthe association 
between uterine contractions and decelerations began wi th Caldeyro-Barcia et 
al.{X966) and Hon (1968). These descriptions are sti l l used today despite the poor 
association between such changes and fetal acidaemia (Beard et al. 1971). Recently, 
F IGO (1987) have published guidelines for the use o f FHR monitoring. They 
recommend fetal blood sampling in labour when suspicious or pathological heart rate 
pattems are noted. 
Direct fetal monitor ing in labour uses the fetal ECG to obtain the CTG. These 
terms are not synonymous-the fetal ECG is a record o f the electrical activity o f each 
heartbeat and the dominant electrical deflection o f the waveform is the R Wave, 
wh ich corresponds to ventricular contraction (MacLachlan et al, 1992). A l though the 
maternal ECG is inevitably present on the signal, the fetal monitor identifies and 
removes this component o f the signal. Unfortunately, fo l lowing intrauterine fetal 
58 
death, the maternal E C G is the only signal picked up by the monitor. In such 
circumstances this may be used by the moni tor to calculate and display maternal heart 
rate, wh i ch may be misinterpreted as a fetal bradycardia, unless compared w i th the 
matemal pulse. 
Pick-up o f the fetal ECG for FHR moni tor ing requires direct contact w i th the 
fetus (Penman et al., 1990). The design o f standard fetal electrodes resulted f rom the 
need for easy application and removal, as wel l as the need to remain securcly f ixed to 
the fetus during labour. Both the spiral and Copeland types use stainless steel needlc 
points to satisfy these criteria, and the electrical signal is conveyed to the monitor 
after coupl ing to the maternal leg plate. Fetal ECG R waves can be satisfactorily 
obtained using either type o f electrode to derive the FHR for the CTG. Complications 
f rom their use, such as trauma and skin infection, remain rare. Apparent midwi fery 
preference for the Copeland electrode may relate to the fact that, rather than piercing 
the skin o f the fetal scalp as is necessary w i th the spiral electrode, the device often 
remains f ixed by merely pinching the skin between the needle point and the plastic 
body. 
Fetal scalp electrodes cannot be applied prior to rupture o f t he membranes, and 
their art i f icial rupture cannot be just i f ied for this reason i f an adequate CTG is 
obtained using the external abdominal transducer ( Spencer, 1992). Spiral electrodes 
are applied by means o f an applicator. Fixation to the fetal scalp requires aseptic 
vaginal examination to guide the electrode through the cervix and to hold it onto the 
fetal scalp. The other hand then turns the base o f the applicator (spiral electrode) or 
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spring (Copeland) in order to pierce the fetal scalp w i th the needle electrode. The 
parents should be in formed that the electrode makes a small p inpr ick in the skin. 
The increasing use o f continuous records o f the FHR over the last 30 years has 
resulted in a great deal o f informat ion about fetal well-being. Dur ing pregnancy, a 
normal (reactive) C T G is one that shows F H R accelerations in association w i th fetal 
movements. Over the last 15 years, the influence o f fetal behaviour (quiet and active 
states) on the F H R has become evident, and needs to be considered whenever there 
are no accelerations. The frequent short, non-reactive CTG commonly found in the 
1970s was regarded as suspicious because it gave no useful information. In most 
cases, a repeat C T G some t ime later wou ld be normal because the fetus would then be 
in an active state. A non-reactive CTG should be continued for longer than 40 
minutes, and probably longer than 90 minutes, before being accepted as truly non-
reactive. 
A pathological antepartum CTG is one wi th recurrent decelerations indicating 
fetal myocardial decompensation secondary to acute or chronic hypoxia. Loss of 
accelerations and reduction in variabil i ty usually precede shallow decelerations when 
placental dysfunction occurs chronically (as in pre-eclampsia and fetal growth 
retardation), whereas large decelerations and normal variabil i ty may occur w i th acute 
abruption. Four randomised trials o f routine outpatient CTG monitor ing in high risk 
pregnancy have been performed (Grant and Mohide, 1982). Interestingly, the risk o f 
prenatal death was increased nearly threefold in the group where the CTG was 
revealed, and this may indicate a degree o f false security in that there were 
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signi f icant ly fewer admissions to hospital in this group。 I t wou ld seem, therefore, that 
there is no place for routine C T G moni to r ing in h igh risk pregnancy, especially 
outside the hospital, but rather its use should be conf ined to the management o f 
pregnancy w i t h established compl icat ions (F IGO, 1987). 
Controversy exists over the use o f continuous F H R moni tor ing in labour. 
Randomised tr ials have clearly shown that prenatal mortal i ty is unchanged, wh i le the 
only benefit to electronic F H R moni to r ing was a reduction in the incidence o f 
neonatal seizures (Thacker, 1991). This was at the expense o f a signif icant increase in 
operative del ivery rate. Fetal b lood sampling has been shown to reduce the degree o f 
operative interference but less than 40 per cent o f consultant units in the U K per form 
this (Wheble et al., 1989). Thus, most units monitor women in labour using the C T G 
wi thout fetal b lood sampling and therefore accept the false posit ive rate o f the F H R 
alone for fetal distress (Spencer, 1991). Most FHR abnormalit ies could be 
auscultated, assuming suff ic ient m idw i fe ry staff ing and skil ls, and the problem o f 
interpretation o f F H R changes during labour is not confined to graphical records o f 
the heart rate. The process o f auscultation w i th fetal blood sampling during labour 
requires further testing, as does the increasing practice o f short, intermittent periods oF 
C T G moni tor ing in labour. 
As a result o f developments in the f ield o f digital electronics, it is now 
possible to obtain f rom the fetal ECG signal, besides FHR and its var iabi l i ty, 
in format ion on t ime intervals {e.g. PR interval, QRS duration) and ST segment 
posi t ion continuously during labour. In a cl inical study o f fetal ECG w i th a 
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min icomputer system equipped w i t h t ime coherent averaging software routine, 
Mur ray found that i n the presence o f a posit ive correlat ion between F H R and PR 
interval s igni f icant changes in the posi t ion o f ST segment indicated increasing acidi ty 
o f the fetal b lood. He also reported that the on-l ine moni tor ing o f the relat ionship 
between F H R and PR interval a l lowed the c l in ic ian to dist inguish ai i tonomical ly 
mediated F H R decelerations (w i th increased PR interval) f rom those that were 
metaboI ical ly mediated (i.e. a result o f fetal hypoxia) (Murray et al., 1970). 
Taken in conjunct ion w i t h F H R var iabi l i ty, the addit ional in format ion 
provided by the t ime intervals and the posi t ion o f the ST segment o f fetal ECG may 
guide cont inuously moni tor ing the metabolic integrity o f one o f the three major 
organs preferential ly favoured by the fetal compensatory responses to asphyxia. The 
value o f such an approach to the prevention o f central nervous system damage 
because o f in t rapar t i im asphyxia needs to be evaluated in prospective cl inical studies. 
1.4.1 Base line 
The base line fetal heart rate is determined by observation o f the fetal heart 
rate between uterine contractions. It is also described as the fetal heart rate observed 
in the absence o f periodic fetal heart rate changes. The base line fetal heart rate is 
assessed as a rate, and by variabi l i ty and stabil ity. 
6 2 
The number o f beats per minute (bpm) o f the baseline fetal heart rate is, under 
normal circumstances, control led by the sinoatrial pacemaker, modulated by pr imar i l y 
parasympathetic and, to a much lesser degree, sympathetic factors. These factors are 
affected by s t imul i t r igger ing chemoreceptors and baroreceptors and by fetal 
respiration, wakefulness, and body movements. The accepted normal range o f the 
fetal heart rate is 120-160 bpm, wh i le most normal fetal heart rates fall between 110-
150 bpm. A l though rapid and s low fetal heart rates demand careful assessment for 
fetal jeopardy, baseline rates outside o f normal range but accompanied by normal 
var iabi l i ty may be displayed by a healthy fetus in certain condit ions. On the other 
hand, a sick fetus may maintain a heart rate in the normal range unt i l just before death. 
Fetal heart rate var iabi l i ty is the irregularity o f the fetal heart rate. The 
parasympathetic system is the major control o f beat-to-beat var iabi l i ty in the fetiis. 
Var iab i l i ty is measured in the ampli tude o f change f rom beat to beat (short-term 
var iabi l i ty) and in the range and frequency o f oscillations per minute ( long-term 
var iabi l i ty) . Short-term var iabi l i ty or beat-to-beat variabi l i ty reflects R wave-interval 
differences in successive cardiac cycles and thus requires an electrocardiogram signal. 
Less reliable, but markedly improved by modern methodology, are measurements 
f rom successive mechanical events in the cardiac cycle through Doppler fetal heart 
rate moni tor ing. The normal range o f beat-to beat difference is 6 to 10 bpm. The 
presence o f short-term variabi l i ty is the most significant indicator o f fetal 
homeostasis, particularly when accompanied by accelerations. It reflects a normal 
autonomic nervous system as we l l as intact circulatory system responses. 
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Changes in long-term var iabi l i ty usual ly accompany s imi lar changes in short-
term var iab i l i ty . Long- te rm var iabi l i ty is less useful in moni tor ing classif ications. In 
fact, there are certain fetal heart rate patterns w i t h a decrease in short-term var iabi l i ty 
w i t h preservation o f long-term var iabi l i ty that are associated w i t h an increased risk o f 
poor fetal outcome. On the other hand, patterns w i th short-term var iabi l i ty w i thout 
long-term var iab i l i ty are less reassuring than patterns w i th the presence o f b o t h . The 
normal frequency o f long-term f luctuations is 2 to 6 cycles or osci l lat ions per minute. 
The normal ampl i tude o f change is 6 to 10 bpm. Sinusoidal patterns are an unusual 
variant o f regular long-term var iabi l i ty wi thout short-term var iabi l i ty . These must be 
dist inguished f rom other undulat ing fetal heart rate patterns. 
The baseline stabil i ty i tself may serve as an indicator o f fetal condit ion. Both 
upward and downward trends may reflect maternal temperature changes. Less 
commonly , hypox ia may produce upward baseline trends. Progressive 
parasympathetic effects o f head compression may gradually lower the heart rate. 
Unstable wandering baselines may denote loss o f nervous regulation o f the heart but 
must be dist inguished f rom patterns o f the normal fetus. 
A fetal heart rate trace has four easily definable features: baseline rate, 
baseline var iabi l i ty , accelerations and decelerations. The baseline rate (normal 110-
150 bpm) is identif ied by drawing a l ine through the midpoint o f lhe 'wiggl iness' 
wh ich represents the most common rate having excluded accelerations and 
decelerations. The baseline variabi l i ty (normal 10-25 bpm) is determined by drawing 
horizontal lines at the level o f the highest point o f the peaks and lhe lowest point o f 
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the troughs o f the 'wiggliness' o f the trace in a 1-cm segment. A change in fetal heart 
rate must exceed 10 minutes in duration to be considered a new fetal heart rate 
baseline. Baseline changes are thus differentiated f rom prolonged accelerations and 
decelerations, wh ich are not true baseline changes. 
1.4.1.1 Baseline rate 
The baseline fetal heart rate is the mean level o f the FHR when this is stable, 
accelerations and decelerations being absent; it is determined over a period o f 5-10 
minutes and expressed in beats per minute (bpm). The rate may gradually change 
over t ime; however, for a particular period it normally remains fair ly constant. 
Contrary to tradit ional teaching the normal range o f the baseline FHR at term is 110-
150 bpm; (Wheeler and Murr i ls , 1978; FIGO, 1987) previously, rates o f 110-120 
bpm have been classified as mi ld baseline bradycardia. Close involvement in the 
labour ward shows iis that this is a relatively frequent f inding. Providing the 
baseline rate is steady and not declining and that there are accelerations w i th normal 
variabi l i ty, the outcome is excellent. However, fetuses at term w i th a baseline heart 
rate o f 150-160 bpm cannot be regarded in the same way. Such a situation occurs in 
the late first stage and second stage o f a prolonged labour when the mother is tired, 
dehydrated and ketotic. I f corrective measures are not undertaken the FHR w i l l rise to 
160-170 bpm. This represents progressive asphyxia and is not an ideal scenario for an 
instrumental delivery, Caesarean section being the preferred option. Asphyxia is 




This statement must be qual i f ied before 34 weeks' gestation when the baseline FHR 
tends to be higher and a rate o f up to 160 bpm is acceptable. 
Bradycardia 
A baseline heart rate less than 110 bpm. A baseline rate between 110 and 100 
bpm is regarded as suspicious and below 100 as pathological. Bradycardia is most 
often seen in the second stage, having gradually fal l f rom a normal or low normal 
baseline heart rate occurring earlier in labour (Klapholz et al., 1974). A proposed 
mechanism for the bradycardia is a parasympathetic response to continuous head 
compression. Therefore, it is not surprising to note an association with primigravid 
labours, large babies, and relative cephalopelvic disproportion secondary to occiput 
posterior or transverse positions (Young et al., 1979). A baseline bradycardia 
associated w i t h good base line variabi l i ty is usually not indicative o f fetal distress 
even at rates o f 80 to 100 bpm. 
Tachycardia 
A baseline heart rate o f more than 150 bpm. A baseline rate between 150 and 
170 is regarded as suspicious and above 170 as pathological. The most common 
aetiology o f moderate fetal tachycardia is matemal fever. The fetus, dependent upon 
the mother for heat exchange, cannot escape increased metabolic demands in the 
presence o f maternal fever (Walker and Wood, 1970; Odendaal and Kotze, 1980). I f 
the aetiology is noninfectious or secondary to extrauterine infection, the fetal heart 
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rate returns to a normal range as the maternal hyperpyrex ia resolves. 
Chor ioamnion i t is must always be suspected as an aetiology. Fetal tachycardia may 
also be secondary to a drug effect, as in cases in wh ich beta sympathomimet ic agents 
are used to arrest premature labour. Beat-to-beat var iabi l i ty is usually preserved, 
al though diminished. Other agents that have been reported to produce fetal 
tachycardia are atropine and hydroxyzine operating through a parasympatholyt ic 
mechanism. Less common causes o f moderate fetal tachycardia are maternal 
hyperthyro id ism, maternal tachycardia or anxiety state, and m i l d fetal anaemia 
(Mar t in , 1978; Gleicher and Elkayam, 1982). 
The fetal heart rate is said to gradually decline w i t h gestational age. 
Therefore, the preterm fetus may have a sl ight ly higher rate than the term or post-term 
fetus. However , both are usually w i th in the normal fetal heart range (Druz in et aL, 
1986). Tachycardia should not be assumed to be solely caused by prematurity wi thout 
consideration o f other aetiologies. 
1.4.1.2 Baseline variability 
Baseline variabi l i ty is the degree to which the baseline varies w i th in a 
particular band w id th excluding accelerations and decelerations. This is a funct ion o f 
the osci l latory amplitude o f the baseline. For the purposes o f research projects, 
oscil latory frequency and oscil latory amplitude may be quantif ied and scored. This is 
too complex for routine cl inical use and band wid th is preferred. Strict ly speaking, 
beat-to-beat variation is not seen on cardiotocograph traces. The equipment is not 
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designed to analyse every beat interval and uses an averaging technique; in a 1-minute 
interval i t is not possible to see 140 discrete dots. In research, beat-to-beat variat ion 
can be analysed and is proport ional ly related to baseline variabi l i ty. Some workers 
classify beat-to-beat variat ion as short-term variabi l i ty and baseline variabi l i ty as 
long-term var iabi l i ty . A n understanding o f the mechanism o fp roduc t ion is crucial to 
an understanding o f F H R interpretation. 
The dynamic state o f t h e fetal cardiovascular system and the concept o f fetal 
behavioural state must be appreciated. Fetuses are recognised as having active and 
quiet periods. Act ive periods are associated w i th good variabi l i ty and accelerations. 
Quiet sleep is associated w i th episodes o f decreased variabil i ty which generally last 
for up to 40 minutes. Interpretation o f a trace is absolutely dependent on recognition 
o f this physiological phenomenon. Baseline variabi l i ty is best interpreted during the 
active phase, recognised by the presence o f accelerations defined as rises o f 15 bpm or 
more lasting 15 seconds or more. The presence o f two accelerations in a 20-minute 
trace is termed a reactive trace and is suggestive o f a fetus in good health. These 
fetuses usually have normal variability. A CTG trace can be described as reactive 
wi th in a short t ime once a normal baseline rate, normal baseline variabil i ty and 
accelerations are identified. However, in order to be described as non-reactive the 
trace should run for a period o f at least 40 minutes during which less than two 
accelerations are identif ied in any 20 minute period. Fetal heart rate decelerations 
describe a transient event. Early decelerations in the late first stage and early second 
stage o f labour generally indicate head compression and rarely fetal compromise. 
Late decelerations indicate transient hypoxia wi th impaired uteroplacental perfusion 
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which may well proceed to established acidosis. Variable decelerations are often due 
I 
to cord compression but are also seen in fetuses in breech presentation and 
occipitoposterior posit ion when the postulated mechanism is pressure on the 
supraorbital region o f the region o f the head. Developing hypoxia and acidosis are 
suggested by the absence o f accelerations, a rise in the baseline rate and a reduction in 
！ 
baseline var iabi l i ty. 
1.4.2 Accelerations and decelerations 
Periodic and nonperiodic fetal heart rate changes are relatively abrupt heart 
rate alterations f rom the baseline heart rate that usually last at least 15 seconds. Most 
briefer alterations are considered as fluctuations o f long-term variabi l i ty or, i f 
：, consisting o f only one or two beats, vertical deflections, as seen wi th arrhythmia or 
； artifact. I t is apparent that since alterations must occur in a direction ofe i ther increase 
; or decrease in the heart rate, these changes consist o f accelerations or decelerations, 
respectively. Changes are termed "periodic" when associated wi th uterine 
contractions and "nonperiodic" when not so associated. 
Accelerations 
e'、 
, A n acceleration is defined as a transient increase in heart rate o f 15 bpm or 
4 
\ more and lasting 15 seconds or more. The recording o f at least two accelerations in a 
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good s ign o f fetal health: the fetus is responding to s t imul i and d isp lay ing integr i ty o f 
its mechanisms con t ro l l i ng the fetal heart. Accelerat ions may merge or be cont inuous, 
suggesting a tachycardia. 
The presence o f accelerations on the antepartum C T G is considered to be a 
qu ick (Lee et al, 1976; Paul and M i l l e r , 1978) and a rel iable (Keirse and Tr imbos, 
1980) test o f fetal wel l -be ing. Therefore, suggestions that the use o f ultrasound may 
lead to apparent accelerations wh i ch are in fact not present (Paul and Keegan, 1979), 
may be the most wo r r y i ng aspect o f antepartum cardiotocography, part icular ly since 
some methods o f assessing the antepartum C T G rely main ly on the presence o f 
accelerations (Lee et al, 1976; Richard et cil, 1976; Visser and HiiisJes, 1977; F lynn 
and K e l l y , 1977; Pearson and Weaver, 1978). Such worries seem to be unjust i f ied. 
A l t hough most o f the discrepancies between the external and internal C T G are related 
to the presence or absence o f accelerations (16 per cent o f CTGs) , there is a clear 
tendency for external tracings to underestimate rather than overestimate the presence 
o f accelerations. 
Accelerat ions, w i t h rare exceptions, provide reassuring evidence o f good fetal 
condition，whether they are produced as a response to fetal s t imulat ion or act iv i ty, or 
by a baroreceptor response to partial cord impingement. Accelerations tliat are 
secondary components o f variable decelerations, when prolonged, indicate vary ing 




A deceleration is a transient episode o f s lowing o f the fetal heart rate be low 
the baseline level o f m o r e than 15 bpm and lasting 15 seconds or more. Decelerations 
may be greater than this but are not signif icant when other features o f the heart rate 
are normal. The W H O / F I G O def in i t ion o f the duration o f a deceleration is 10 
seconds. When var iabi l i ty is abnormal, decelerations may be very signif icant even 
when shorter duration. 
Decelerations are first classif ied by shape, separating un i fo rm (simi lar in shape 
w i th gradual onset and recovery) f rom variable (dissimilar f rom one deceleration to 
the next, usual ly w i t h abrupt deceleration and recovery l imbs). Un i f o rm decelerations 
are then subclassifled, based on the t im ing in relationship to the uterine contraction. 
Early decelerations: Early decelerations have simultaneous onset, nadir, and 
recovery w i t h the contraction onset, peak, and resolution. These are relatively 
shallow. They are reflex mediated and thus carry no ominous signif icance but must 
be careful ly distinguished f rom late decelerations and variable decelerations. They 
are usually associated w i th fetal head compression and therefore appear in the late 
first stage and second stage o f labour w i th descent o f the head. They are usually but 
not invariably benign. 
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Late decelerations: Late decelerations are exactly what their name impl ies 
w i t h respect to the contractions. The onset, nadir and recovery are al l out o f phase 
w i th the contract ion. They are usually but not invariably pathological. When 
associated w i t h good var iabi l i ty , they can usually be eradicated by maternal hyperoxia 
and improved uterine b lood f l o w ( improved placental oxygen exchange). When 
associated w i t h decreased var iabi l i ty , regardless o f depth, there is an increased 
association w i t h fetal acidosis. 
Variable decelerations'. Variable decelerations vary in appearance, temporal 
relationship to contractions, and significance. Variable decelerations are f i rst 
ident i f ied by relative "size," as characterised by absolute depth and durat ion as we l l as 
distance o f the nadir f rom the baseline. They are next classified according to the 
preservation o f classic features versus the si iperimposit ion o f various atypical features. 
Inf luenced by both a baroreceptor response to cord compression and a chemoreceptor 
response to a drop in fetal oxygenation, the significance o f variable decelerations 
spans the gamut f rom healthy fetal responses to the heart rate changes o f a mor ibund 
fetus. They may or may not indicate hypoxia. Misconceptions have been perpetuated 
for many years about the need to categorise exactly decelerations in these groups. The 
late/variable deceleration is a unique deceleration, often seen in combinat ion w i th late 
decelerations. The pattem is associated w i th an increased risk o f chronic fetal 
hypoxia, often w i t h chronic ol igohydramnios as a contributing factor. 
Fetal distress is a poor term and should be discarded. Many babies are 
delivered operatively for fetal distress and are in excellent condit ion. This is the crux 
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o f t h e matter in considering the increased Caesarean section rate after the introduct ion 
o f electronic fetal moni tor ing. Fetal distress is not seen on a strip o f CTG paper. 
Fetal heart rate pattern should be described and classified. They should then be 
interpreted w i t h respect to the probabi l i ty o f representing fetal compromise. 
1.4.3 Fetal outcome oflabour 
There has long been an academic interest in monitor ing the fetal 
electrocardiogram. The works o f Larks (1961) and Van Bemmel (1969) are both 
notable for their early achievements. Oldenbury (1976) described a mult iple electrode 
； system for indirect fetal electrocardiology to study the electrical axis o f t h e fetal heart. 
Shenker (1979) reviewed and classified the literature on fetal cardiac arrhythmias, 
noting that only electrocardiograms o f superb quality w i l l enable the physicians to 
make an appropriate diagnosis. In the past f i f teen years, a clinical need has developed 
to monitor the instantaneous fetal heart rate (FHR) and changes in the heart rate f rom 
one beat to the next, i.e., beat-to-beat FHR variabil i ty. A fetal heart rate (FHR) 
monitor should process this information and ideally display FHR, FHR variability and 
Uterine activity ( U A ) continuously in a real-time fashion. The history and background 
o f the f ie ld was wel l summarised by Goodl in (1979). Recent noninvasive 
methodologies applied to FHR and FHR beat-to beat variabil ity monitor ing include 





Norma l labour is associated w i t h F H R values outside the range o f 120-160 
beats min-1 in less than 20% o f cases (Tngemarsson, 1981). However, FHR 
decelerations occurred in ha l f the cases, o f wh ich 30% were variable and less than 2 % 
were late. A tachycardia was found in less than 5% o f cases and very low baseline 
var iabi l i ty in 2 % (Spencer, 1993a). 
1.4.3.1 FHR changes during labour 
Ascertainment o f the presence o f a beating fetal heart has always been the 
mainstay o f fetal surveillance during labour. A record o f the fetal heart rate (FHR) 
may be obtained by listening to (auscultation) and counting the number of fclal heart 
beats per minute or by attaching signal transducers to the mother and fetus which 
connect to an electronic fetal monitor and recorder. Gross alterations in the FHR may 
be detected by either method but only the continuous record, obtained by electronic 
monitor, al lows subtle alterations (such as small decelerations and variabi l i ty changes) 
to be detected. The information obtained f rom continuous FHR monitor ing has not 
been shown to reduce further the present low rates o f intrapartum fetal deaths, nor has 
the incidence o f poor neurodevelopmental outcome in children improved since its 
widespread introduction into cl inical practice. The major effect o f continuous FHR 
monitor ing has been an increase in operative intervention rates. 
The relation between fetal heart rate changes and the cl inical and metabolic 
condit ion o f the new-born has been analysed on previous occasions (Montan et aL, 
1985; Wennergren et al., 1986; Nielsen et aL, 1987). The varying correlations found 
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may be explained by the fact that the major i ty o fhear t rate changes merely indicate an 
increased probabi l i ty o f f e t a l hypoxia. As even a sl ightly increased risk ofsevere fetal 
stress just i f ies intervention, despite the fact that most fetuses exhib i t ing pathological 
changes are quite normal, studies to assess the sensitivity and specif ici ty o f fetal heart 
rate changes for fetal asphyxia require a large number o f monitored deliveries and a 
standardised c l in ical management. 
Clearly, fetal heart rate decelerations during uterine contractions indicate 
transient episodes of fetal hypoxaemia. Unfortunately, neither the depth nor duralion 
of such decelerations can be used to quanti fy the degree o f oxygen reduction to the 
fetus. This is presumably due to the fact that they are largely mediated by a vagal 
I reflex (abolished by atropine). Even late decelerations in normoxic fetal sheep, 
I produced by reductions in uterine perfusion, have a reflex component (Parer et al., 
1980) but, although a good guide to fetal oxygenation, were not found to relate to 
acidaemia (Myers et al., 1973). A normal baseline and variabi l i ty between 
contractions indicates maintenance o f normal levels o f fetal oxygenation (Krebs et aL, 
1979). 
Abnormal labour is associated w i th a greater incidence o f FHR tachycardia 
and low/absent baseline variabi l i ty but these changes are not predictive o f fetal 
metabolic acidaemia (Low et al., 1981). Labours which develop consistent patterns o f 
FHR decelerations, especially late decelerations, are at risk o f developing fetal 
acidaemia and this risk is greatest when associated wi th additional abnormal features 
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(Cib i ls , 1978). The depth o f F H R decelerations is less important than these addit ional 
features. 
Sinusoidal patterns are an unusual variant o f regular long-term var iabi l i ty 
w i thout short- term var iabi l i ty . These must be distinguished f rom other undulat ing 
fetal heart rate patterns (Cabaniss, 1993). 
L4.3.2 Acidaemia during labour 
Certain appearances (patterns) o f the continuous F H R are known to be 
accurate predictors o f fetal wel l -being. Many studies o f the relationship between 
continuous F H R moni tor ing and fetal p H have shown that the presence o f F H R 
decelerations (a reactive pattern), or a FHR acceleration in response to fetal 
st imulat ion, is associated w i t h the absence o f acidaemia defined as a p H above 7.20 
(Beard et al., 1971; Spencer, 1991). Fetal rest act ivi ty cycles continue during labour 
and inf luence the F H R var iabi l i ty (Spencer & Johnson, 1986). It is not unusual for 
baseline var iabi l i ty dur ing periods o f fetal quiescence to be less than 5 beats min ' ' in 
ampli tude but the duration o f such episodes was found to be less than 45 min in 95% 
o f l o n g , moni tored labours (Spencer & Johnson, 1986). 
Fetal distress is a wide ly used but poorly defined term. This confusion o f 
def in i t ion compounds the d i f f icu l ty or making an accurate diagnosis and ini t iat ing 
appropriate treatment. The fetus reacts at the onset o f asphyxia w i th a remarkable 
series o f responses, pr imar i ly a complexly regulated redistribution o f blood f low that 
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serves to l im i t the deleterious effects o f oxygen l imi ta t ion in vi tal 0r2ans. This enables 
w 
the fetus to survive asphyxia intact unless the insult is profound or prolonged. The 
most c o m m o n asphyxial stresses imposed on the fetus during labour are insuf f ic iency 
o f uterine b lood f l ow , or insuf f ic iency o f umbi l ica l blood f low, and occasionally 
decrease in uterine arterial oxygenat ion. Each of these stresses produces characteristic 
fetal heart rate patterns: late decelerations, variable decelerations, or prolonged 
； bradycardia. There is strong evidence that the presence o f normal fetal heart rate 
var iabi l i ty in the presence o f these patterns is a sign that the physiologic 
compensations are overwhelmed as a result o f the severity o fasphyx ia . Knowledge o f 
the fetal responses to asphyxia should a l low a more accurate def in i t ion o f the onset o f 
unacceptable asphyxia, and more rational management and t im ing of in tervent ion. 
Labours that develop acidaemia usually do so after the onset o f an abnormal 
F H R pattern. A n abnormal C T G (FTGO, 1987) is more predictive o f acidaemia than a 
raised T /QRS ratio o f the fetal electrocardiogram (MacLachlan et aL, 1992). The 
latent period, dur ing wh ich the p H is l ikely to be normal, varies according to the type 
o f abnormal F H R pattern. Fleischer et al. (1982) showed that a late deceleration 
pattern was associated w i t h acidaemia (fetal scalp p H less than 7.25) signif icant ly 
sooner (50% o f cases acidaemic by 115 min) than a variable deceleration pattern (50% 
acidaemic by 145 min) or l ow baseline variabi l i ty (50% acidaemic by 185 min). The 
incidence o f l ow Apgar scores increased f ivefo ld after 120 min. L o w et al. (1981) 
showed that the most prognostic feature o f the continuous FHR was a “marked pattern 
o f decelerations", w i th metabolic acidaemia developing in 25% o f cases w i th total 
(late and variable) deceleration patterns and 48% o f cases w i th late deceleration 
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patterns alone. These associations are in rough agreement w i th the f indings o fo thers 
(Beard et al., 1971). Certain aspects o f the baseline (tachycardia, low/absent 
var iabi l i ty, delayed return to baseline) increase the predictive value o f a deceleration 
pattern for acidaemia (Cibi ls, 1978; Krebs et aL, 1979). 
1.4.4 Computerised analysis of cardiotocograms 
Intrapartum electronic fetal heart rate monitor ing (EFM) was introduced in the 
late 1960s to detect early signs o f fetal hypoxia during labour and thereby improve 
prenatal mortal i ty and morbidi ty. Early uncontrolled studies suggested that E F M 
during labour had a beneficial effect on prenatal outcome (Gabert and Stenchever， 
1973; Paul and Hon, 1974), but most subsequent randomised cl inical trials failed to 
find any benefit o f E F M over intermittent auscultation (Haverkamp et aL, 1976; 
Neldam et aL, 1986; Luthy et al,, 1987; Shy et al., 1990). In recent years, 
conventional visual analysis o f the fetal heart rate (FHR) as a means o f fetal 
surveillance in labour has been questioned. It was believed that FHR pattems 
correlated w i t h outcome, as judged by intrapartum fetal death, metabolic acidemia， 
and /or low Apgar scores on delivery, and so permitted improvements in care. Yet 
eight randomised trials o f electronic fetal monitoring have not supported this 
expectation (Kelso et aL, 1978; Wood et al., 1981; Leveno et al., 1986), and there is 
l i t t le evidence o f improved neurologic outcome (Hess, 1980; L o w et al., 1990). 
Freeman (1990) regarded this as disappointing, but ignored thc problem of observer 
variation. Since 1978, many authors (Trimbos and Keirse, 1978; Lotgering et al” 
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1982; N ie lsen et a!., 1987) have pointed out that inter- and intra-observer variations in 
visual interpretat ion o f convent ional F H R tracing are unacceptably high, and there is 
disagreement among experts on the appropriate action to take (Donker et ciL, 1987). 
I t is generally acknowledged that the accuracy o f external ultrasound 
moni to r ing is infer ior to that o f the direct fetal scalp electrode, but this is based 
main ly on records obtained intrapartum and on computer-assisted comparison o f such 
records. Extrapolat ion o f these data to the cl inical assessment o f the antepartum C T G 
is not fu l l y just i f ied, for it assumes that problems encountered in the antepartum 
period are s imi lar to those intrapartum and that visual assessment o f CTGs is 
comparable to computer analysis. Nevertheless, misgivings on the rel iabi l i ty o f 
external mon i to r ing usually relate either to di f f icul t ies in obtaining a satisfactory 
recording or to worries that the method gives too optimist ic an assessment o f F H R 
variables. F H R var iabi l i ty (Gross et al, 1979; Pi l lay et al, 1979) and the presence o f 
accelerations (Paul and Keegan, 1979), in particular, are said to be overrated on 
external recordings. Precisely these criteria are the most important items in the 
assessment o f the antepartum C T G (Lee et al, 1976; Pearson and Weaver, 1978; 
Keirse and Tr imbos, 1980). The general impl icat ion therefore is that the 
methodological aspects o f antepartum cardiotocography give a more optimist ic v i ew 
o f the fetal condit ion than wou ld be obtained by direct internal monitor ing. 
Consequently, the value o f continuous fetal heart rate moni tor ing is increasingly 
questioned fNei lson, 1993). However, it is important to remember that the machines 
used to obtain the C T G are recorders and not monitors. The monitor is the c l in ic ian 





that the effectiveness o f fetal mon i to r ing is l im i ted not only by the abi l i ty o f the 
variables to ref lect fetal condi t ion but also by the abi l i ty o f the c l in ical s taf f to 
interpret them (Barrett et al 1990; Mu rphy et al., 1990). 
Antepar tum fetal heart rate (FHR) moni tor ing is w ide ly applied to assess the 
fetal condi t ion in h igh-r isk pregnancies. Since the ini t ia l reports dealing w i th the 
assessment o f fetal wel l -be ing by antepartum F H R moni tor ing, obstetricians have 
been aware o f t h e problems arising f r om visual analysis (Dawes et al., 1985; Devoe et 
al., 1985; Keegan, 1987; Searle et al., 1988). Evaluat ion o f F H R is a cl in ical test o f 
wel l -being, that is based on empir ical observations, o f wh ich many aspects are poor ly 
understood. Grossly abnormal patterns have been identi f ied by visual analysis but 
w i t h large interobserver and intraobserver variat ion (Tr imbos and Keirse, 1978; 
Lotger ing et al., 1982; F lynn et al., 1982). The degree o f such variat ion is so great as 
to cast serious doubts on the accuracy o f current guidelines. This problem might be 
reduced w i t h the help o f automated FHR analysis. Such analyses wou ld offer the 
obstetrician objective quantitative informat ion on FHR parameters, including trends 
that occur dur ing days to weeks. 
To el iminate the observer variabi l i ty and to improve the predictive value, 
several computer programs for assessment o f CTGs have been designed (Stigsby et 
al., 1986). The computer assessment o f the C T G falls in two steps. In the first, the 
pattern recognit ion, the C T G is quantitated in a purely descriptive manner; no 
classif ication is performed. In the second step, the quantitated CTG is interpreted, 
result ing in the diagnosis: normal vs. compromised (or low-r isk vs. high-risk). In 
I . . 
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principle, there are three di f ferent methods o f pattern recognition and description 
(Stigsby et aL, 1986). The interactive, i.e. the operator (the obstetrician) points out the 
patterns to the computer. The semiaiitomated, i.e. the computer recognises the 
pattems, using threshold values entered by the obstetrician. The automated, i.e. the 
computer i tselfrecognises al l pattems completely automatically, wi thout any operator 
intervention. Only the last method eliminates the element ofobserver variabi l i ty. 
Var ious studies related to the computerised systems in the management o f 
fetal heart-rate tracings have been reported (Dawes et al., 1985; Seaiie et al., 1988; 
Devoe et al., 1988). The development o f relatively inexpensive microcomputers over 
the past 15 years has al lowed automatic analysis o f the CTG, but many have chosen to 
concentrate on the simpler task o f antenatal CTG interpretation (Searle et al., 1988; 
Dawes et al., 1981). T w o systems have been specifically designed for intrapartum 
CTG analysis in Japan and Germany (Maeda, 1990; Krause, 1990). Their 
effectiveness is yet to be demonstrated, but it is l ikely that they w i l l be o f l imi ted 
value because they consider the CTG in isolation f rom clinical factors which also 
affect management. In this respect, these systems represent sophisticated alarms 
which are capable o f ident i fy ing abnormal, often benign, CTG features but which are 
unable to assist the cl inician in subsequent management decisions. More recent 
technological advances have produced computer programs which can simulate expert 
behaviour. These use expert knowledge of a wel l defined problem area to help 
nonexperts make sense o f complex data and are able to support decision making. The 
analysis depends on accurate fitting of the baseline and on simple techniques for 
measuring heart rate variation, accelerations, and decelerations. By quantifying signal 
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loss, the qual i ty o f d i f ferent recording systems can be assessed (Dawes et al., 1981); 
the in t roduct ion o f a wide-range ultrasonographic transducer, combined w i t h 
autocorrelation, improved record qual i ty (Dawes et al., 1985). In recent years, the 
accepted rolc^ o fcompu te rs have expanded f rom the tradit ional ones o fda ta retrieval, 
storage and pr( ssing into the area o f v hat is often called art i f ic ia l intel l igence or 
expert systems (Sokol and Ch ik , 1988; Ruszkowski , 1988; Riss et al., 1988). 
C l in ica l interpretation o f the C T G tracing remains an area o f great d i f f i cu l ty . 
Antenatal C T G interpretation has been shown to rely heavily on assessment o f F H R 
var iabi l i ty , and computerised systems have shown considerable abi l i ty to systematise 
this, w i t h useful c l in ical results (Ke i th et cil., 1995). However, use o f the algori thms 
derived for this purpose has given disappointing results when applied in labour. The 
reasons for this are not clear; the most l ikely explanation at present is that fetal 
physiology is changed by the stress o f labour. However, expert systems are currently 
being developed for use in labour, wh ich mimic the decision-making processes o f the 
cl inic ian, and these are showing considerable promise. Cl inical application o f 
automatic F H R analysis, however, requires further quantif ication o f the FHR base-line 
along w i t h the evaluation o f transient FHR changes, including F H R decelerations and 
accelerations that contribute to the diagnosis and hence treatment o f fetal distress 
caused by fetal hypoxia. 
Important biological signals f rom the fetus, including FHR and fetal 
movement, were obtained electronically by recent medical engineering techniques and 
processed (usually) v ia analogue-to-digital converter fo l lowed by analysis on a 
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personal computer. The knowledge o f obstetrical experts was analysed and used in 
computer processing. F H R changes were in i t ia l ly studied by the use o f a 
minicomputer, programmed to provide automatic quantif ication o f the signal and 
diagnosis o f fetal distress. The program was memorised by programmable read only 
memory (PROM) and used in a cl inical system. A n ultrasonic Doppler fetal 
actocardiograph, wh ich is a recording o f gross fetal movement w i th simultaneous 
F H R tracing f rom a single ultrasonic source. The amplitude and interval o f the 
electrical deflections produced by fetal movement were analysed. Fetal behavioural 
states were automatical ly recognised in this way. 
1.5 Intrapartum complications 
The d i f f icu l ty in management o f labour arises when a fetal monitor pattern, 
whi le not meeting the criteria for diagnosis o f fetal distress, is characterised as being 
nonreassuring. This situation may be best described as fetal stress. The terms “ 
increasing fetal stress" and "nonreassuring fetal heart rate patterns" are commonly 
used by physicians who must rely on imperfect technology in clinical practice. For 
practical purposes, fetal stress is a state or condition that precedes fetal distress. The 
degree o f fetal stress and the interval o f time required for fetal stress to progress to 
fetal distress are highly variable and dependent on several maternal and fetal factors. 






Pregnancy outcome is tradit ional ly assessed by weighing the baby, attr ibut ing 
Apgar scores at birth, measuring cord artery blood gases, performing neonatal 
electrocardiograms and carrying out neonatal gestation and neuroclevelopmental 
scores. In this section aspects o f the normal fetal response to labour, including 
meconium stained amniotic f lu id, nuchal cord entanglement, second stage o f labour, 
and fetal heart rate changes wh ich reduce oxygen delivery to the fetus, w i l l be 
considered. I n particular, the abi l i ty o f the fetus to adapt to interruptions to its 
oxygen supply, and the subsequent relationships between hypoxaemia, FHR changes 
and fetal acidaemia, w i l l be discussed. 
1.5.1 Meconium stained amniotic fluid 
Mecon ium is derived f rom the Greek word meconium-arion, meaning "op ium-
l ike". I t was so named by Aristot le because o f the belief that this opium-l ike 
substance promoted fetal sleep during gestation. Meconium first appears in the fetal 
ileum between the lOtli and 16th week of gestation. It is a viscous greenish liquid 
composed o f gastrointestinal secretions, cellular debris, bile, pancreatic juice, mucus, 
blood, swal lowed lanugo, and vernix. Biochemical analyses have indicated that 
meconium is composed largely o f water (72-80 per cent), w i th a dry weight 
composit ion consisting predominantly o f mucopolysaccharides, proteins, and 
mucoproteins. Lipids compose 8 per cent o f the dry weight o f meconium (47 per cent 





b i l i rub in contr ibutes 1 m g per g m o f wet meconium (Brown, 1976b), and more than 
32 steroid compounds have been detected (Kinsel la and Francis, 1971). 
T w o theories have been proposed to explain in utero passage o f meconium. 
The pathologic explanat ion suggests meconium passes as a gastrointestinal response 
to fetal hypoxia. Walker (1954) found an association between passage o f meconium 
and a reduced umbi l i ca l venous b lood O2 saturation. Consistent w i t h the d iv ing 
ref lex, by w h i c h b lood f l o w is redistr ibuted toward vital organs (heart, brain, and 
adrenal glands), Sal ing (1968) proposed that the fetal gut is subject to ischaemia 
secondary to mesenteric vasoconstr ict ion as a compensatory response to hypoxia. 
Van Liere (1942) demonstrated that intestinal ischaemia is fo l lowed by a transient 
period ofhyperper ista ls is. Passage o f m e c o n i u m may result f rom this hyperperistalsis 
in combinat ion w i t h relaxation o f anal sphincter tone, which may also be observed in 
hypoxia. Consistent w i t h this concept, autopsy studies performed on neonates 
suffer ing asphyxial deaths reveal the gastrointestinal tract to be free o f meconium 
(White, 1955). 
Mecon ium staining o f the amniotic f lu id (MSAF) is a common problem 
occurr ing in 11 to 22 per cent o f al l deliveries (Fuj ikura and Kl ionsky, 1975; M i l le r et 
al., 1975; T ing and Brady, 1975) and the prevalence increases w i th advancing 
gestation, especially after term. Mecon ium aspiration syndrome ( M A S ) complicates 
approximately 2 per cent o f these deliveries w i th a reported mortal i ty rate as h igh as 
40 per cent (Davis et aL, 1985; Falcigl ia, 1988). Al though it is generally agreed that 
meconium staining o f the amniotic f lu id is associated w i th increased perinatal 
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morbid i ty and morta l i ty , many questions remain unanswered regarding the 
pathophysiology o f meconium passage and aspiration. In addit ion, it is unclear 
whether M S A F reflects fetal hypoxia and should prompt intrapartum intervention. 
The association o f M S A F and M A S w i th increased perinatal morbid i ty is wel l 
documented (Davis et al., 1985; Falcigl ia, 1988). However, independent o f the danger 
o f aspiration, several studies suggest an association between M S A F and intrapartum 
fetal compromise, as evidenced by low intrapartum and delivery p H values and 
depressed Apgar scores (Meis et al., 1978; Mi tche l l et al., 1985). Given that the 
presence o f meconium has been reported to be a sign o f fetal distress and that fetal 
acidosis increases the risk o f in utero aspiration, it fol lows that intrapartum 
intervention may play a pivotal role in further reducing the complications o f MSAF . 
Progress in this regard hinges on additional clarif ication o f the association between 
I M S A F and fetal distress. 
Many sources support a relationship between M S A F and fetal distress whi le 
i . 
others dispute an association. Most neonates born in the presence o f M S A F are not 
i 
I 
acidotic (pH values < 7.20), avoid M A S and do well. The presence of thick 
i 
meconium in early labour indicates the possibil i ty o f fetal compromise. Meis et al. 
(1978) prospectively evaluated 2932 pregnancies and documented a statistically 
significant increase in FHR abnormalities, depressed Apgar scores, M A S , and 
neonatal death in labours complicated by early, heavy meconium. These authors also 
demonstrated an increased risk of MAS when meconium was passed late in labour 
after clear f lu id had previously been documented. In a prospective analysis o f 278 
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patients w i t h th ick mecon ium in early labour, Starks (1980) performed serial fetal 
scalp sampl ing pr ior to 3 cm d i la t ion and encountered a 15 per cent incidence o f 
acidemia ( pH values <7.25). I n those patients w i t h M S A F and concomitant late 
decelerations, the incidence o f fetal acidemia was a str ik ing 88 per cent. These data 
are consistent w i t h the 32 per cent perinatal morta l i ty rate reported by Resnick (1977) 
in patients w i t h th ick mecon ium and an abnormal FHR. Thus, the presence o f th ick 
mecon ium staining o f the amniot ic f l u id in early labour should alert the c l in ic ian to 
the potential r isk o f fetal distress and mandates vigi lant surveillance o f fetal we l l -
being. I t wou ld appear that aggressive intrapartum intervention, inc lud ing internal 
moni tor ing and fetal scalp p H determination, can be reserved for those patients w i t h 




Review o f the F H R tracings, however, revealed that when fewer than 10 per 
I cent o f contractions were associated w i th late decelerations there was no difference in 
i 
i 
i Apgar scores or del ivery p H values between patients w i th meconium and 
！ 
nonmeconium controls. These authors stated that "wi thout signs o f fetal distress (late 
decelerations), meconium in the amniot ic f lu id does not prejudice outcome"(Mi l le r et 
j . 
丨 al., 1975). 
i 
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Al though meconium has been viewed tradit ionally as a harbinger o f 
i ‘ 
impending or ongoing fetal compromise (Krebs et al., 1980; Starks, 1980; M i l le r and 
Read, 1981; Dooley et al., 1985; Cole et al., 1985; Yeomans et cil., 1989)，some 
investigators believe that it is not associated w i th fetal hypoxia, acidosis, or fetal 
distress (Meis et al., 1982; D i j xhoorn et al., 1986) and may be a normal physiologic 
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event (Gregory et al., 1974). A number o f reports have found lower Apgar scores in 
meconium-stained neonates (Krebs et al., 1980; Starks, 1980; Cole et cil, 1985), 
whereas others have demonstrated no differences (Meis et aL, 1982; M i tche l l el cil., 
1985; D i j x h o o m et al., 1986). Earl ier wo rk has suggested a relat ion between 
mecon ium and fetal b lood gas values (Starks, 1980; M i l l e r and Read, 1981), whereas 
several recent studies have shown no differences in mean arterial pH, carbon d iox ide 
pressure, or base def ic i t (Krebs et al., 1980; Dooley et al., 1985; D i j xhoorn el cil., 
1986). 
The present data suggest that M S A F may indicate fetal compromise and 
demands scrut iny o f other parameters o f fetal status. The presence o f a normal FHR 
tracing in patients w i th M A S F should reassure the cl inician o f fetal wel l -being. 










1.5.2 NiichaI cord entanglement 
！ i 
j 
I The umbi l ica l cord, a vi tal appendage o f the placenta, is typical ly 50 to 60 cm 
i 
long (Edmonds, 1954; Lavery, 1987). Its three blood vessels course through 
i \ 
I ^ 
I Wharton's j e l l y in a helical fashion, complet ing an average o f 11 coils between the 
fetal and placental insertion sites (Edmonds, 1954). However, a variety o f perinatal 
risks have been attributed to fetuses w i th nuchal cord entanglement, including F H R 
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decelerations, meconium passage, acidosis, and fetal death (Lacro et "/., 1987; Strong 
etal, 1993). 
Nuchal encirclement by the umbilical cord is present in approximately 25% of 
pregnancies and accounts for 70-80% of all umbilical cord complications during 
del ivery (Lamber t i et al., 1973; Goldkrand et al., 1975). In most instances, 
entanglement of the cord around the fetal neck does no harm (Pritchard et al., 1985). 
However , Bruce and associates reported that 14.5% o f sti l l-births and 16.4% o f 
depressed neonates were associated with cord complications (Briice et aL, 1978). 
Hankins et al. found that nuchal cords were associated with an increased prevalence 
of variable FHR decelerations in the first and second stages of labour (Hankins et al., 
1987). W i t h the widespread acceptance o f electronic FHR moni tor ing and increased 
understanding of fetoplacental physiology, it has become apparent that umbilical cord 
compression is associated with variable FHR decelerations. 
Antepar tum diagnosis o f cord entanglement wou ld be o f cl inical value for the 
I 
j -
adequate supervision and management o f t h i s complication. Al though antepartum and 
！ 
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I intrapartum F H R f indings in the fo rm o f variable decelerations or mixed acceleration-
deceleration patterns can give a warning o f cord complication (Tejani et cil,, 1977; 




Umbi l i ca l cord complications simi lar ly occupy first place in the aetiological 
factors contr ibut ing to sti l lbirths in many reports (Bruce et al., 1978; Mendez-Bauer et 
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a / ” 1978) and have a marked role in the aetiology o f fetal distress dur ing labour, 
especially dur ing the second stage. The f irst pathophysiological step in these 
condit ions is the disturbance in the cord b lood f low, wh ich main ly affects the 
circulat ion in the umbi l i ca l vein. This leads to a reduction in fetal oxygen 
consumption and fetal acidosis (Stembera and Horska, 1972; Tejani et a!., 1977). 
A l t hough a variety o f techniques are available to detect nuchal cord 
entanglement (Feinstein et al., 1985; Simmons et al., 1985; Mendez-Bai ier et al,, 
1987), there is presently no way to ident i fy those w i t h nuchal cords who w i l l develop 
signif icant F H R abnormalit ies dur ing labour. Simmons et al. have suggested that the 
antepartum diagnosis o f a nuchal cord is an indicat ion for conlraction stress testing 
(Simmons et al., 1985). However, no data are available regarding the eff icacy o f this 










I The second stage is classically defined as the period f rom fu l l di latat ion o f the 
i 
I 
cervix unt i l b i r th o f the infant (Butterworth, 1978). Problems are encountered w i t h 
either excessively short (precipitate) or long second stage duration, and most units 
！ s •« 
have designed protocols to deal w i t h their occurrence. It is d i f f icu l t however, even 
when prospectively ut i l is ing cervimetric projections based on ' ideal ' populations 
(Philpott and Castle, 1972), to determine accurately the onset and thus true length o f 
the second stage (Beazley and Ku i jak , 1972). This is fbrther compounded by the 
9 0 
I 
var iabi l i ty in frequency o f vaginal examinations in dif ferent units (Crovvther et cd., 
1988). Prolonged labour has always been v iewed as potential ly hazardous. The 
diagnosis o f a p r o l o n g e d second stage is, however, based purely on arbitrary criteria. 
I n an attempt to prevent unnecessary and potential ly dangerous meddl ing, 
Denman (1817)，an eminent 19th century obstetrician, recommended a 6 h second 
stage before the use o f forceps was even contemplated. Harper (1859) publ ished 
retrospective data wh i ch suggested that more active intervention was associated w i t h 
improved fetal and maternal outcome, although the mean duration o f the second stage 
was not recorded. I t is interesting that Harper was opposed to the use o f t i m e l imi ts in 
labour but suggested that progress should be the sole criterion for management pol icy. 
I n this century, De Lee (1920) advocated prophylactic episiotomy and forceps 
j i 
del ivery in the bel ie f that this wou ld reduce trauma to the pelvic f loor and the fetal 
I brain although no evidence was presented to support this approach. 
I ！ -.. 
Hel lman and Prystowsky (1952) noted an increase in infant morta l i ty , 
postpartum haemorrhage and puerperal febrile morbid i ty in second stage labours >2 h 
duration. The Br i t ish Perinatal Mor ta l i t y Survey o f 1958 (Butler and Bonham, 1963) 
was interpreted as showing an increase in perinatal mortal i ty in second stage labours > 
2 h duration and these condemns were supported by evidence o f progressive fetal 
acidaemia in the second stage (Pearson and Davies, 1974). 
Cohen (1977) studied over 4000 women and reported no increase in perinatal 
mortal i ty or l ow Apgar scores in those w i th second stage labours lasting up to 3 h， 
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prov ided that feta l m o n i t o r i n g was undertaken. In w o m e n using epidural analgesia 
delay i n the start o f maternal push ing does not appear to affect adversely fetal p H at 
de l ivery (Maresh et al., 1983) and， i f the supine pos i t ion is avoided, progressive fetal 
acidosis can be prevented (Johnstone et aL, 1987). 
Studies have shown a s ign i f icant association between pro longed second stage 
and infant mor ta l i t y (He l lman and Prystowsky, 1952) and an increased incidence o f 
early neonatal seizures ( M i n c h o m et al., 1987), an index o f poor perinatal and long 
term outcome (Dennis and Chalmers, 1982; Derham et al., 1985). In order to be sure, 
however , whether this adverse effect o f pro longed durat ion on outcome was o f real 
c l in ica l s igni f icance, mu l t i p le variables, inc lud ing those o f durat ion, were submit ted 
to logist ic regression analysis. Th is minimises potential confounding inf luences. A 
pre l im inary analysis determined that a second stage durat ion o f 2 hours in nul l iparas 
represented the upper l i m i t (95th percenti le) o f normal. A durat ion longer than 2 
hours was associated w i t h a higher perinatal morta l i ty but normal long term (up to 7 
！ 
i 
I years o f age) outcome. I f the durat ion was greater than 3 hours the perinatal mor ta l i ty 
j 
i + • 
was higher, there was a lower intel l igence quotient at 4 years, but again there was no 
i 
I adverse effect evident at 7 years. In mult iparas the upper l im i t was determined to be 1 
I hour. A durat ion longer than this was associated w i t h a higher perinatal mor ta l i ty and 
i 
I depressed Apgar scores at 5 minutes but there was no adverse effect on long term 
！ 
i •-
outcome. The adverse association w i t h perinatal morta l i ty was greater when the 
second stage exceeded 2 hours (Derham et til., 1991). 
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O f more importance the analysis showed that there was a far greater adverse 
association o f fa i led or arrested descent and the use o f d i f f i cu l t traction forceps w i t h 
both long- term and perinatal outcome. The authors concluded that prolonged durat ion 
o f the second stage on its o w n was o f l i t t le c l in ical significance. In Cohen's study 
(1977) they reiterated that prolonged second stage was more l ikely to be a marker o f 
other obstetric problems. They warned that the injudicious use o f d i f f i cu l t tract ion 
forcepsjust because an arbitrary t ime period has passed, presented a far greater hazard 
to the fetus. 
A l t hough the pathophysiological basis o f b i r th asphyxia is better understood 
1 (K je l lmer , 1988) the actual c l in ical def in i t ion o f true asphyxia and its consequences 
I 
j 
I for perinatal and long-term outcome remains controversial (Bryce et cil., 1988; 
I 
Towel l , 1988; Grant et al., 1989). A n arbitrary umbi l ica l arterial p H value o f < 7 . 2 has 
i 
i 
I a reported incidence o f between 4.8% and 21.6% (Towel l , 1988). However although 
I 
no large scale trials have refuted the fact that acidosis is not predictive lbr perinatal 
and long-term outcome it wou ld seem appropriate to prevent fetal and neonatal 
I 
： acidosis f rom occurring. 
The val id i ty o f continuous electronic FHR moni tor ing during the first stage o f 
labour is now we l l established, and patterns o f normal and abnormal FHRs, a l lowing 
early diagnosis o f fetal distress, have been described (Goodlin, 1979). However, 
continuous F H R moni tor ing in the second stage o f labour is not universally accepted, 
and during the last 15 years, few authors have taken an interest in FHR tracings 
during this part o f labour (Gaziano et aL, 1980; Herbert and Boehm, 1981; Gilstrap et 
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al., 1984; Me l ch io r and Bernard, 1985; Katz, et al., 1987). The opt imal length o f the 
second stage is also a matter o f speculation (Katz et al., 1987). The qual i ty o f tracings 
is of ten poor because o f patient movements and bearing-down efforts. Me lch io r and 
Bernard (1985) have approached the problem, but even w i th good tracings, clear-cut, 
specific patterns that w i l l a l low ident i f icat ion and quantitation o f fetal distress remain 














1. 6 Objectives of project 
This is a study to investigate the usefulness o f acid base balance and oxygen 
free radicals act iv i ty and computerised C T G analysis as indicators for outcomes o f 
fetal welfare. 
1) To determine the relat ionship between oxygen free radical act iv i ty and 
i 
I asphyxia dur ing labour. M D A and OHP in cord b lood were determined as a measure 
j 





2) To examine the relationship between asphyxia during labour and cord b!ood 
concentrations o f purine and pyr imid ine metabolites including hypoxanthine, 
xanthine, inosine, ur idine and uric acid. 
3) To analyse the relationships between computerised carciiotocogram 
abnormalit ies dur ing labour and umbi l ica l cord blood acid-base status, biochemical 
parameters, meconium staining o f the amniotic f lu id, nuchal cord, length o f the 
second stage or Apgar scores. 
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\ We recruited 145 women w i t h singleton pregnancies at 37 - 42 weeks' 
I 
gestation del ivered at the Prince o f Wales Hospital, Shatin, Hong Kong, between 
December 1993 and October 1994. 
These women were al l regarded to be having high risk pregnancy due to 
hypertension, diabetes, cardiac disease, poor obstetric history, recurrent obstetric 
problems or intra-uterine growth retardation ( IUGR). Table 2A summarises our 
criteria for h igh r isk pregnancy. A l l the pregnant women recruited i i i this study had 
at least one o f t h e enlisted conditions. 
The study was approved by the Human Research Ethics Committee o f The 
Chinese Univers i ty o f Hong Kong and all participants gave informed consent. 
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Table 2.1 Criteria for a high risk pregnancy 
Matemal factors: 
Age < 16 years or >40 years 
Weight > 90 kg 
Disease w i t h potential effect on the fetus: hypertension, pre-eclampsia, diabetes, 
cardiac disease, Rhesus haemolytic disease, or renal disease. 
I 
I Obstetric factors: 
i . 
Poor past obstetric history c.g. previous stillbirth 
Documented intra-uterine growth retardation (ultrasound scan diagnosis) 
Prematurity (<37 weeks gestation) or postmaturity ( >42 weeks gestation) 




Augmentat ion o f labour w i t h oxytocin 









Collection ofbIood samples 
i U m b i l i c a l cord arterial and venous b lood samples were taken f rom the 145 
del iveries who were moni tored via fbtal scalp electrode. Immediate ly f o l l ow ing 
del ivery, a segment o f the umbi l ica l cord was isolated using clamps. Precautions 
were taken to prevent the umbi l ica l b lood f rom coming into contact w i th air. Plastic 
heparinised 10 m L syringes and 21 gauge needles were used to draw blood f rom the 
umbi l i ca l cord, arterial f irst fo l lowed by venous. B lood samples were collected w i t h i n 
10 m i n o f del ivery. 
Plasma f rom both the arterial and venous blood samples was obtained by 
refrigerated centr i fugat ion at 1000 g for 10 m i n and stored at -20 °C for not more than 
3 months pr ior to analyses o f malondialdehyde, hydroperoxides, hypoxanthine, 
xanthine, inosine, ur idine and uric acid. 
2.1.2 Chemicals and reagents 
2.1.2.1 The measurement of malondialdehyde (MDA) 
Thiobarbi tur ic acid (TBA) , perchloric acid (HClO4), 1,1,3,3-
tetraethoxypropane (TEP, 10 |aM.), butylated hydroxytolulene (BHT, 20g/L), and n-
butanol ( f luorometr ic grade) were purchased f rom Sigma Co. (St. Louis, M 0 . , USA) . 
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The T B A - a c i d wo rk ing solut ion was prepared by combin ing two volumes o f 
I T B A w i t h one vo lume o f perchloric acid (HClO4) (2:1, v /v ) on the day o fuse . The 
I 
i _ 
I B H T solut ion was prepared in absolute ethanol. 
2.1.2.2 The measurement of organic hydroperoxides (OHP) 
Catalase (17,500U/ml) , n icot inamide hypoxanthine dinucleotide phosphate 
GNfADPH, 2 m M ) , glutathione (GSH, 4.25 m M ) , glutathione peroxidase ( G S H 
peroxidase, 2,500 U /m l ) , glutathione reductase (GSH reductase, 100 kU/L ) , and tert-
buty l hydroperoxide were purchased f rom Sigma. Catalase and tert-butyl 
hydroperoxide stocking solut ion (1 m M ) were stored at 4 °C, and all others at -20 °C. 
Buffers used were 50 m M Tr is -HCl , p H 7.6 and 124 m M Tr is -HCl , 0.2 m M 
E D T A ， p H 7.6. 
2.1.2.3 The measurement of purine and pyrimidine metabolites 
Trichloroacetic acid (TCA) , diethyl ether, methanol, acetonitrile and 
tetrahydrofuran were obtained f rom Sigma or B D H (Dorset, UK) . The organic 
solvents were al l H P L C grade and water was pur i f ied by double glass dist i l lat ion. A l l 




lQo/o T C A for H P L C analysis was prepared on the day o f use. The mobi le 
1 phase used for H P L C included A ) 40 m M ammon ium acetate buffer adjusted to p H 
I 5.00’ w i t h glacial acetic acid; B ) a mix ture o f 68% methanol, 16% acetonitr i le and 
I 
！ 16% tetrahydrofuran (v /v /v) . They were degassed by sparging w i th hel ium pr ior to 
！ 
H P L C . Particulate matter were removed by passage through a 0.45 ^im and a 0.22 j i m 
f i l ter respectively in the aqueous and organic phase under vacuum. 
2.1.3 Equipment 
2.1.3.1 Fetal monitor 
Fetal heart rate (FHR) was recorded on a Mode l 115 or 116 Fetal Mon i to r 
(Corometr ics Medicals Systems, Inc., USA) . Tt was equipped w i th isolated inputs 
(ECG) and isolated transducers including ultrasound, strain gauge, and 
tocodynamometer. Simultaneous trends o f beat-to-beat heart rate and uterine act iv i ty 
were continuously plotted on the dual-channel strip-chart recorder and displayed on 
the front panel alphanumeric display. 
2.1.3.2 Fetal heart rate analysis system 
Fetal heart rate was analysed on a Sonicaid System 8000 Objective C T G 
Analysis System (Fetal heart rate analysis system) w i th a software program running 




1 over 8000 records in wh i ch the cardiotocograph (CTG) f rom a fetal moni tor was 
I 





The obstetric C T G record was obtained via a serial l ink f rom a fetal moni tor 
w h i c h is connected to the mother. F H R and uterine contraction signals were analysed 
and data were col lected on both long and short-term changes. The program saved the 
patient records on the computer 's hard disk and a backup f loppy disk. 
2.1.3.3 BIood gas analyser 
T w o blood gas analysers were used in the study, Corning model 278 and 288 
(Ciba Corn ing Diagnostics, Corp., USA) . 
The analysers contained pH, pCO2, pO2 and reference electrodes and sample 
groiind/temperature sensor. In addit ion, the module 288 analyser also had Na+, K+, 
Ca++，or C r electrodes. The samples were maintained at 37.0 土 0.1 °C. The sample 
path was visible to the operator. 
2.1.3.4 UV-VIS Spectrophotometer 
A Response U V - V I S spectrophotometer (Gi l ford Instruments Laboratory, 
Oberl in, Ohio, U S A ) was used for the measurement o f OHP. It combined a single-
beam optical system w i th a six-posit ion automatic cell positioner, a video display, and 










2.1.3.5 Fluorescence Spectrophotometer 
I 
1 
A fluorescence Spectrophotometer (Model 650-40, Hitachi Ltd. Tokyo, 
Japan) was used for the measurement o f M D A . In the xenon lamp o f the 
spectrophotometer the gas pressure was kept at approximately 9 atmospheres at room 
temperature and might reach 30 atmospheres whi le the lamp was lit. 
2.1.3.6 High Performance Liquid Chromatography (HPLC) 
The HPLC system used was a Mi l l ipore-Waters (Watford, U K ) tr imodule 
system consisting o f two Model 6000 solvent delivery systems, a Model 440 dual 
wavelength U V detector, WISP automatic sample processor and injector, a Model 
720 Data Module and a Mode l 730 System Controller. The column was a prepacked 
Spherisorb 5 ^m ODS analytical column (250 x 4.6 mm i.d.) (Hichrom Ltd., Berks, 
U K ) , protected by an Upt ight 2 ^ m ‘ in- l ine’ f i l ter (Hichrom Ltd.). A Spherisorb 10 
^im ODS guard column (50 x 4.6 m m i.d.) was used. 
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2.2 Investigation Methods 
1 
2.2.1 Blood gas 
Umbi l i ca l arterial and venous blood pH, pO2, pCO2, HCO3 and BE were 
measured on a Corning 278 or 288 b lood gas analyser. The analyser was calibrated 
daily as described by Minty and Barrett (1978). 
2.2.2 Lipid peroxidation in umbilical cord blood 
2.2.2.1 The measurement of MDA 
The plasma M D A levels were estimated as thiobarbituric acid ( T B A ) reactive 
substances by a modi f icat ion o f the T B A adduction method described by Richard et ‘ 
a/.(1992). The main reagents were T B A : perchloric acid (2:1, v /v) mix, a calibration 
solut ion o f l , l ,3,3-tetraethoxypropane (10 |_imol/L) and butylated hydroxytol i i lene 
(BHT) . Each analysis included the assay o f a reagent blank, tetraethoxypropane 
work ing standard solutions, plasma specimens, and quality-control samples. The 
continuation o f l i p i d peroxidation during the reaction was prevented by addition o f 10 
I^L B H T . In each reaction tube 100 ^iL plasma and 750 |aL T B A : perchloric acid 
m i x were combined, vortexed, t ightly capped and placed in a 95 °C water bath. Af ter 
105 
i 
60 m in , the samples were chi l led in ice to stop the reaction. T w o m L o f ;7-butan0l 
1 
were added to each tube for extract ion o f the T B A - M D A complex by vigorous 
vor tex ing and centr i fugat ion at 1000 g for 10 min. The T B A - M D A adduct in the 
butanol extract was determined direct ly by Fluorescence Spectrophotometer at 532 
I 
I i 
I nm exci tat ion and 553 nm emission, 
i . 
I 
2.2.2.2 The measurement o f O H P 
For determinat ion o f OHP, an enzymatic procedure described by Heath and 
Tappel (1976) was used w i t h modi f icat ion. F i f ty |iiL o f plasma and 350 \.iL o f T r i s -
E D T A p H 7.6 were incubated w i t h 5 f_iL catalase (17,500 k U / L ) at room temperature 
for 10 min. Then 25 ^ L N A D P H (2 mmo l /L ) , 5 ^iL glutathione peroxidase (2,500 
k U / L ) and 50 ^ L glutathione (4.25 m m o l / L ) were added. Af ter further incubation at 
3 3 � C for 10 m i n the absorbence o f the reaction mixture at 340 nm was measured on 
the Response Spectrophotometer. A 2,5 j^L aliquot o f glutathione reductase (100 
h 
k U / L ) was added immediately and the reaction mixture al lowed to proceed for 
another 10 min at 33 °C. Its absorbence at 340 nm was again measured to determine 
the net amount o f N A D P H oxidised. Results were expressed by comparison w i th 











The method used for determinat ion o f purines and pyr im id ines in b lood was 
m o d i f i e d f r o m the procedure described by S immonds et " / . (1991) . T w o hundred jaL 
10% T C A was added to 200 piL plasma and the mix tu re vor texed v igorous ly . A f t e r 
cent r i fugat ion the supernatant was transferred to a 1.5 m L tube f o l l owed by add i t ion 
o f 1 m L water-saturated d ie thy l ether. The mix tu re was vor texed again and the ether 
layer removed. Such ether treatment was repeated 4 t imes unt i l the p H o f the aqueous 
m e d i u m exceeded 5.0. Then 100 |,iL o f the plasma extract in the aqueous layer was 
in jected into the H P L C system for analysis. 
The nucleosides and bases in the plasma extract were separated by l inear 
I 
gradient e lu t ion at r o o m temperature at a f l o w rate o f 1 m L / m i n . The gradient ran 
f r o m 83% buf fer A (40 m M a m m o n i u m acetate, p H 5.00) to 17% buf fer B (68% 
!i 
methano l :16% acetoni t r i le :16% tetrahydrof i i ran, v /v /v ) over 30 m in recorded at both 
254 n m and 280 n m at 0.05 absorbance units f u l l scale. The ident i ty o f the ind iv idua l 
compounds i n plasma was established f r om 1) the retention t ime , 2) the 280/254 n m 
rat ios， fo l lowed by 3) “spiking，，with the authentic compound. A set o f internal 
standards must were always run on the^ same day under the same condit ions. A n 






2.2.4 Computer analysis o fCTG 
i 
i A total o f 145 cases entering the tr ial were al l deemed to be at h igh risk o f 
fetal distress. The detail data f rom computerised electronic fetal moni tor ing were 
collected. 
2.2.4.1 Data and signal processing 
A single spiral electrode was applied to the fetal scalp and connected to a 
Corometr ics 115 or 116 C T G moni tor , f rom wh ich the fetal signal was accessed using 
the No t t i ngham fetal E C G system (Mohajer et al., 1994). Figure 2.1 shows the 
structure o f computer analysis o f electronic fetal moni tor ing data. 
The raw fetal E C G (FECG) was isolated and ampl i f ied by a patient isolat ion 
box and fed into the main analyser. The FECG signal was relayed to the combined 
F E C G systems before it was fed into the C T G monitor. The FECG systems were set-
up as for the f irst section o f the study and the printouts were analysed in a similar 
fashion. The results were not included i f the signal was inadequate for waveform 
analysis i n the system. This was represented by a signal-to-noise (S:N) ratio o f less 
than 3.0 for the Not t ingham system. This system determined the R - R wave interval to 





























































































































































































































































































































































































































































































2.2.4.2 The algorithm 
Each 30 minutes tracing was d iv ided into 900 epochs o f 2 seconds and the data 
used for analysis represented the last 30 m i n o f coherent recording before del ivery. 
On ly tracings w i t h at least 90% o f al l epochs containing FHR data w i th in an 
acceptable range were used for the analysis. The algor i thm was wr i t ten using Object 
Or iented Programming (C++) , version 3.1 (Bor land International Inc, Scotts Val ley , 
Cal i forn ia, U S A ) and was run on an I B M compatible computer. 
V a l i d pulse intervals were averaged over epochs o f 3.75 seconds ( ] / 16 min) 
and a baseline was fitted. Signal loss was calculated as the proport ion o f epochs for 
w h i c h no va l id pulse interval was available. Because the fetal moni tor measured 
pulse intervals, not heart rate, calculations o f F H R variat ion were reported in 
mi l l iseconds. Out l ine values attributed to monitor errors were detected and 
el iminated. 
Baseline rate: The baseline rate is identi f ied by drawing a line through the 
midpo in t o f the 'wiggl iness' wh ich represents the most common rate having excluded 
accelerations and decelerations. The baseline FHR was calculated as the number o f a 
modal array o f 10 bpm in a 4 min segment o f the data. Periods o f tachycardia and 
bradycardia were defined i f the baseline^FHR, was greater than 150 bpm or less than 
110 bpm. T w o tachycardia parameters were used, f i rst ly the percentage o f t i m e over 
一 丄 
the 30 m i n where the baseline exceed 150, and secondly, the total area above the 150 
110 
bpm line. The parameters assessed for baseline included 1) area o f tachycardia 
(A_tach), and 2) percent available epoch w i th tachycardia (P—eptach). 
Baseline variability: Var iabi l i ty is measured as the short term var iabi l i ty o f 
the FHR. The algor i thm uses the residual variance after lower frequency variat ion 
(those more than 10 seconds) had been f i l tered out. The variabi l i ty was measured as 4 
X SD o f this h igh frequency component. L o w variabi l i ty was defined as a value o f 
less than 5 bpm. The parameter assessed for low variation was percent available 
epochs w i t h l ow var iabi l i ty (P_eplvar). 
Three measures each o f acceleration and deceleration were used for analysis; 
frequency ( number of events in 30 minutes), duration (percentagc of epochs in 30 
minutes) and magnitude (area). 
Accelerations: A medium frequency line, representing the mean FHR over 10 
seconds was calculated. Accelerations were defined where the medium frequency line 
exceeded the baseline for 10 bpm over a period o f more than 30 seconds. The 
parameters assessed for accelerations included 1) number o f accelerations (N_acc), 2) 
acceleration area per availabil i ty epoch (A_acc), and 3) percent available epoch w i th 
acceleration (P_epacc). 
Decelerations: Similarly, decelerations were defined as when the medium 
frequency was below the baseline for >10 bpm for more than 30 seconds. The 
parameters assessed for decelerations included 1) total number o f decelerations 
I 
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OI_dec) , 2) tota l decelerations area (A—dec), and 3) total percent avai lable 
decelerations epoch (P_epdec). 
Contractions: The uterine contract ion measurement was der ived f rom 
intrauter ine pressure measurement. The changing pressure was calculated using the 
a lgor i thm def ined by Ch i k et al. (1975), f r o m wh i ch the area under the contract ion 
curve and the peak o f the contract ion can be calculated. The parameters assessed for 
contract ions inc luded 1) number o f contract ion epochs O^_cont), 2) number o f 
contract ion peaks CN_epcont), and 3) percentage o f epochs in contractions (P_epcont). 
A fetal heart rate trace can have four definable features: baseline rate, baseline 
var iab i l i t y , accelerations and decelerations. Probable development o f hypox ia and 
acidosis is suggested by an absence o f accelerations, a rise in the baseline rate and a 
reduct ion in baseline var iab i l i ty (Gibb and Aru lkumaran, 1992). The relat ionship 
between free oxygen radical activity and these four FHR features was evaluated. 
2.3 Statistical analysis 
Statistical analysis was performed using SPSSPC (Statistical Package for the 
Social Sciences，Windows version 6.1) run on an I B M compatible personal computer. 
A l l the data in the text and tables are expressed as mean 士 SD and correlat ion 
coeff ic ients (Pearson). Signif icance o f changes in various parameters included cord 
112 
b lood p H and gas, b iochemistry parameters and antepartum events were assessed 
w i t h i n groups by the paired Student's t test and between groups by the independent 
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A total o f 145 case had comple t ion o f analysis for umb i l i ca l arterial and 
venous b l ood gas measurements, free oxygen radical act ivi ty，purine and py r im id ine 
metabol i tes. They also had analysis o f computer ised C T G patterns. 
Materna l age ranged f r om 19-41 years, mean (SD) being 29 (5) years. 
Gestat ional age ranged f r o m 37 to 42 weeks, mean (SD) being 40 (1) weeks. One 
hundred and th i r teen patients were admit ted to the del ivery suite in spontaneous 
labour and the other th i r t y - two had labour induced. Twen ty seven patients were 
del ivered by caesarean section for fa i lure to progress (16), fetal distress (6), or both 
(5). T h i r t y two del iver ies were by vacuum extract ion, eight by forceps, and the 
remain ing seventy eight were spontaneous deliveries. 
The obstetric characteristics examined included (1) maternal medical and 
obstetr ic compl icat ions, (2) labour and del ivery characteristics, and (3) fetal g row th L 
fj> 
\ 
retardation. Table 3J showed the obstetric characteristics o f 145 women. “ 
116 
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Table 3.1 Obstetric characteristics of the 145 women in labour in this study. 
The gestation dates ranged from 37 to 42 weeks 
No. o f Labour onset 
patients (%) Spontaneous Induced 
N o r m a l 108 (74.5) 90 18 
Gestational hypertension 0 (0) 0 0 
Pre-eclampsia 1 (0.7) 0 1 
Ma tema l cardiac disease 1 (0.7) 1 0 
Diabetes 16* (11.1) 10 6 
Antepar tum haemorrhage 0 (0) 0 0 
Previous Caesarean section 10(6.9) 9 1 
Advanc ing maternal age (>40) 0 (0) 0 0 
Prolonged leaking 5 (3.4) 2 3 
. . s 
1^  
^ 
Oligohydramnios 3 * * (2.1) 1 2 、、 
Matema l fever 1 (0.6) 0 1 
Grow th retarded fetus 3 (2.1) 2 1 
* One patient had previous Caesarean section, and another one had gmwth retarded 
fetus. 
* * One patient had growth retarded fetus also. 
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3.1 Umbilical blood pH and gas measurements 
The pH, pCO2, pO2, HCO3 and B E levels in umbi l ica l arterial b lood correlated 
s igni f icant ly w i t h those in umbi l ica l venous blood (Table 3.2). In the arterial cord 
blood, the pH, pO2 and B E levels were signi f icant ly lower whi le the pCO2 and HCO3 
signi f icant ly higher than corresponding values in venous cord blood. 
Ac idaemia was def ined as an umbi l ica l artery b lood p H o f 7.20 or lower. This 
p H value was selected because it is one standard deviat ion below the mean umbi l ica l 
artery value (7.27± 0.07 ) o f this study. 
D i v i d i ng umbi l ica l cord arterial blood samples into acidaemic (pH equal to or 
lower than 7.20) and non-acidaemic (pH greater than 7.20), then 21 cases were 
acidaemic and 124 non-acidaemic. The acidaemic infants had signif icant ly lower pH, ；-
iA 、 
BE, pO2 but higher pCO2 than the non-acidaemic infants (Table 3,3). 
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Table 3.2 Correlation analysis between umbilical arterial and venous 
levels of blood gases, n= 145 
Artery Ve in Correlation Signif icance 
mean 士 SD mean 土 SD Coeff ic ient o f Difference 
(range) (range) (p value) (p value) 
p H 7 . 2 7 ± 0 . 0 7 7.31 ± 0 . 0 7 0.903 <0.001 
(7.06 - 7.45) (7.10 -7 .46 ) (<O.OOl) 
pCO2 (kPa) 6 . 7 6 ± 1.23 5 . 9 7 ± 1.05 0.835 <0.001 
(4.41 -11 .40 ) (4 .0 - 11.21) (<0.001) 
pO2 (kPa) 2 J 0 ± 0.75 3.66 ± 0 . 8 2 0.676 <0.001 
(0.73-4.66) (1.32-5.98) (<0.001) 
HCO3 (mmol/L) 23 .14±2 .85 22.19士2.78 0.881 <0.001 
(15.40 - 32.40) (15.10-31.60) (0.001) 
B E (mmo l /L ) - 4 . 1 4 ± 3.42 -3.76±3.45 0.789 <0.05 




Table 3.3 Mean umbilical artery acid-base levels in the infants classified as 
acidaemic (n=21), Le., arterial cord blood pH<7.20 and non acidaemic (n=124) 
Acid-base factor Acidaemic infants Non-acidaemic p value 
infants 
p H 7 . 1 4 ± 0 . 0 4 7 . 2 9 ± 0 . 0 5 <0.001 
(7.057 - 7.194) (7.204 - 7.449) 
pCO2 ( m m H g ) 8.82 土 1.28 6.42 士 0.80 <0.001 
(5.80 - 11.40) (4.41 - 8.32) 
p 0 2 ( m m H g ) 2 . 0 8土0 . 7 4 2.81 土0.70 <0 .001 
(0.73 - 3.70) (1.35 -4 .66 ) 
HCO3 (mEq/L ) 22.63 土 2.77 23.23 士 2.86 NS 
(16.70 -28 .20) (15.40 - 32.40) 
B E (mmo l / L ) - 7 . 9 5 ± 2 . 6 1 - 3 . 5 0 ± 3 . 1 1 <0.001 
( - 1 2 . 9 0 - - 3 . 4 0 ) ( - 1 1 . 2 0 - 6 . 3 0 ) 
i i 
NS: not signif icant (p>0.05). ‘ 
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3.2 Lipid peroxidation in cord blood plasma 
3.2.1 Validation of assay 
3.2.1.1 Performance characteristics of the MDA assay 
Standard curve The concentration o f the standard having 1,1,3,3-
tetraethoxypropane (TEP) value ranging f rom 0.156-10 ^ imol /L, was plotted versus 
absorbance value (532 nm excitat ion and 553 emission) on recti l inear graph paper. A 
linear standard curve was obtained as shown in Figure 3.1. 
Linearity T w o plasma samples, in which the M D A concentrations were 1.30 
^ imol /L and 1.40 |. imol/L, respectively, were used for testing l inearity alter di lut ion. 
The or ig inal plasma sample was di luted 1:2 and 1:4. A l l di lut ions were made in .„ 
]j 
d ist i l led water. Table 3.4 showed a good l inearity o f d i lu t ion in plasma. ,' 
Precision To determine intra-assay and inter-assay imprecision, we froze 
aliquots o f 2 plasma samples f rom two healthy individuals at -20 °C，and thawed 
those only before analysis. Intra-assay precision was calculated f rom 2 samples w i t h 
10 duplicates on the same assay. Inter-assay precision was calculated f rom 2 samples 
by 7 assays done over 60 days. Table 3.5 showed the precision o f this assay in detail. 
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t 
The coeff ic ients o f var iat ion for intra-assay and inter-assay were 1.3-1.4% and 3.4-
4.3%, respectively. 
Accuracy Accuracy was measured by evaluating the analytical recovery o f 
standard addit ions. Table 3,6 showed the accuracy o f this assay. The recovery o f this 
assay ranged f rom 87.5% to 97.8%. 
Stability To determine sample stabil i ty the aliquots o f plasma f rom two cord 
b lood samples were stored at -20 °C. Their M D A levels were measured at day(s) 0, 
3, 10, 17, 31, 45, and 60. Table 3.7 showed the sample stabil i ty for this assay in 
detail. Its coeff ic ient o f var iat ion during a period o f 60 days ranged f rom 3.7% to 
4.1%. 
MDA value in maternal hlood Norma l maternal vein blood plasma values 
were established w i t h 14 normal pregnant women, age between 22 - 35 years (mean 土 
•> ii 
SD, 28 土 4 ) and gestational age 37 - 41 weeks (mean 土 SD, 39 土 1). The mean 
. > r 
concentration o f M D A was 2.04, w i t h SD o f 0.10 and a range o f 1.95 - 2.20 jamol/L. 
122 
eoo^  7 
500' y ^ 
• y ^ 
8 300- ^ y ^ 
I z 
g 200- Z 
X) z 
< J^ 
100' y ^ 
o k ： ^ 
0 2 4 6 8 10 12 
MDA concentration (^imol/L) ; 
. H ' 
Figure 3.1 Standard curve o f M D A assay 
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Table 3.4 Linearity of dilution in MDA determination 
Di l u t i on factor Expected ( ^ m o i / L ) Observed f ^ m o l / L ) Ratio (%) 
Sample I 
— 1.30 ~ ~ p i p Z 
1 ： 2 K ^ ^ f 0 X 7 
1 : 4 ^ 0 ^ W 9 
Sample I I 
~ n T 4 o p = ~ ~ r = 
1 : 2 T f o T n 102.9 






Table 3.5 Precision o f M D A determination 
Mean (^imol/L) Standard deviation Coefficient of 
(f-imol/L) variation (%) 
Intra-assay N 
Sample I 10 1.43 0.02 \TA 
Sample I I f O ~ ~ Y T l ^ f l 
Inter-assay 
Sample I 7 ~ ~ [ 1 7 1 0 . 0 6 ~ ~ p O 





Table 3.6 Recovery of MDA assay 
Endogenous Added Expected Observed Recovery (%)~~ 
( |amol/L) ( ^ m o l / L ) (^ imol /L) ( f imo l /L ) 
Tm ^ 0 ^ 0 ^ Wu 
0.63 1.23 1.15 93.5 
1.25 1.85 1.70 91.9 
2.50 3.10 2.90 93.5 
5.00 5.60 4.90 87.5 
T ^ Wl K% K^ ^ 
0.63 1.28 1.15 89.8 
1.25 1.90 1.75 92.1 
2.50 3.15 3.00 95.2 




Table 3.7 Storage effects on the determination o fMDA in cord plasma 
Concentrat ion in sample I Concentration in sample I I 
(^ tmol /L) ( j imo l / L ) 
^ r 4 5 L 5 l 
~ m M 2 L 4 8 
~ D W L35 L 4 0 
" D n L45 ； ^ O l 
" m l U 7 L 4 0 
~D45 r 3 o r i o “ 
• ^ L35 L 4 0 
Mean±SD 1.41 ± 0 . 0 6 1 .46±0 .05 
C V * * 4 .1% 3.7% 
* D=day ； 
* * C V = coeff ic ient o f variat ion. 
io 
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3.2.1.2 Performance characteristics of the OHP assay 
Standard curve The concentration o f the standard having tert-butyl 
hydroperoxide values ranging f rom 0-80 ^ m o l / L , was plotted against absorbance 
value (340 nm) on recti l inear graph paper. A linear standard curve was obtained as 
shown i n Figure 3.2, 
Linearity A plasma sample, in wh ich the OHP concentration was 260 ^mo l / l , 
was used for testing l ineari ty after di lut ion. Or ig inal plasma sample was di luted 
1:2.25, 1:4.5, and 1:18. A l l di lut ions were made in T r i s -HCl buffer (50 m M , p H 7.6). 
Table 3.8 showed a good l inearity o f d i lu t ion in plasma. 
Precision A l iq i io ts o f plasma f rom two healthy individuals were stored at -20 
°C，and were thawed before analysis. Intra-assay precision was calculated f rom 2 
samples w i t h 10 duplicates on the same assay. Inter-assay precision was calculated J 
.i 
f r om 2 samples by 11 assays done over 63 days. Table 3.9 showed the stabil i ty o f this "'' 
assay in detail. The coefficients o f variat ion for intra-assay and inter-assay were 6.2-
7.3% and 8.0%, respectively. 
Accuracy Accuracy was measured by evaluating the analytical recovery o f 
standard additions. Table 3.10 showed the accuracy o f this assay. The recovery o f 




Stability To determine sample stabil i ty the aliquots o f plasma f rom two cord 
blood samples were stored at 4 °C, - 2 0 � C and -70 °C, respectively. Their OHP levels 
were measured at day(s) 0，1，2, 4, 7, 14, 21, 28, 35, 49, and 63. Table 3.11 showed 
the sample stabil i ty frosted at different temperature for this assay. Its coeff icient o f 
variat ion dur ing a period o f 63 days, i f stored at -20 °C and -70 °C, was 8.0% and 
6.3-12.3%, respectively; whi le it was 17.4-19.3% i fs tored at 4 °C . 
Reaction time The effect o f reaction t ime on glutathione reductase was 
examined by vary ing the reaction t ime f rom 4-60 min. Figure 3.3 showed the 
opt imal reaction t ime w i th a range o f 8-10 min. 
OHP value in maternal blood Normal maternal vein blood plasma values 
were established w i t h 14 normal pregnant women, age between 22-35 years (mean 土 
SD, 28 土 4 ) and gestational age 37-41 weeks (mean 土 SD, 39 士 1). The mean 
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Table 3.8 Linearity of dilution in OHP determination 
D i l u t i o n factor Expected ( j i m o l / L ) Observed ( j imo l / L ) Recovery (%) 
— 2^ ~ T Z 
1 ： 2.25 n i 6 m j ^ 
1 : 4 . 5 ! 7 ^ ^ r ^ 
1 ： 18 i A 4 i T s ~ ~ ^ 
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Table 3.9 Precision o fOHP determination 
Mean ( u m o l / L ) Standard deviat ion Coeff ic ient o f 
( | imo l /L ) var iat ion (%) 
Intra-assay N 
Sample I 10 227.0 f T ^ O f o 
Sample I I 10 220.5 f ^ 7 l 
Inter-assay 
Sample I 11 213.1 17.0 f ^ 
Sample I I f T 236.7 f ^ ‘ ^ 
I -j 
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Table 3.10 Recovery of OHP assay 
Endogenous Added Expected Observed Recovery (%) 
( | i m o l / L ) (^ imol /L) (^ imol /L) (|_imol/L) 
^ ^0 i ^ i ^ f F T o 
20 29.3 28.5 97.3 
30 39.3 38 96.7 
40 49.3 46 93.3 
50 59.3 55 92.7 
~ ^ ^ 47 45 95?7 
30 57 52.5 92.1 









Table 3.11 Storage effects on the determination o fOHP in cord plasma 
Concentrat ion in sample I “ C o n c e n t r a t i o n o f s a m p l e H 
(^ imol /L) (^ imol /L) 
4 ° C - 2 0 ° C -70 °C 4 ° C - 2 0 ° -70 °C 
~ * 225.0 p K o p ^ T u l p ^ H K o 
^ 225：0 ^ M 3 r K o 243：0 ^ 
^ “ 2 1 1 . 5 ~ ~ "一 211 .5 r ^ T K 6 2 3 ^ W T 0 ~ ~ 一 
~ ^ ‘ f m ^ 225.0 ~ " 2 0 7 . 0 “ “ — 198.0 2 ^ 2K~5 
~ ^ ~ ~ r ^ 234.0 i m 2 ^ ^ ~ ~ ~ " 1 ^ 2 l ^ 
D14 220.5 216.0 189.0 m O 2 0 l 3 2 ^ 
~ m i 202.5 f ^ r ^ 1 ^ T i J j 2 ^ 5 
~ D n 2 3 L 3 2 0 7 T " i T T s ^ 3 ^ 2 ^ 2 ^ 
" 5 5 1 225.0 211.5 l 7 0 2 ^ 2 ^ f 9 ^ 
D49 225.0 r ^ 180.0 O O S I K o 5 1 ^ 3 
3 ^ 333.0 198.0 243.0 216.0 270l^ 2^4^0 
Mean±SD 224.8± 2 1 3 . l t 211.1± 202.1± 236.7± 2 2 0 . 9 + ~ ~ 
39.0 17.0 26.0 39.0 19.0 13.5 
C V * * 17.4% s W o 12.3% 19.3% 8 ^ 63% 
* D=day. 
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i Figure3.3 Effect of reaction time on OHP assay 
I 
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3.2.2 Inter-relationship among MDA，OHP and acid-base status 
A signi f icant posi t ive correlat ion existed between arterial and venous levels o f 
both M D A and O H P 0^<0.001) {Table 3.12). The mean arterial M D A levels were 
higher than the venous levels (p<0.05); whi le there was no signif icant difference 
between the mean O H P levels in artery and in vein Cc>0.05). Both arterial M D A and 
OHP had a s igni f icant negative correlation w i th cord b lood p H (p<0.01 and p<0.05) ; 
wh i le arterial M D A alone showed signif icant correlat ion w i th pCO2 (7;<O.OOl) and 
pO2 0^<O.O5), and OHP alone correlated w i th BE O^<0.05) {Table 3.13). The arterial-
venous dif ference o f M D A correlated signif icant ly w i t h p H (p<0.05) and w i th pCO2 
(p<0.01); wh i le that o f O H P d id not (p>0.05) (Table 3.13). 
Arter ia l plasma levels o f M D A and OHP were signif icant ly higher in the 
acidaemia group than that in non-acadaemia group (p<0.001 and p<0.01) {Table 
i 
3.14). Figure 3.4 and Figure 3.5 showed the distr ibut ion and mean value o f 
umbi l ica l arterial plasma M D A and OHP concentration in acidaemia and non-









Table 3.12 Correlation analysis between umbilical arterial and venous of MDA 
and OHP levels in 145 term deliveries 
Ar te ry V e i n Correlat ion '^117nTficance 
mean±SD mean+SD Coeff ic ient o fD i f f e rence 
(P value) (p value) 
M D A 1.46 1.45 0.800 <0.05 
(^ imol /L ) ± 0 . 1 2 ± 0 . 1 2 (<0.001) 
OHP 243.8 242.3 0.717 NS 
( |amol /L) ± 4 0 . 0 ± 3 6 . 0 (<O.OOl) 













Table 3.13 Correlation analysis: A) the umbilical arterial lipid peroxides and 
acid-base status at birth (n=145), B) Umbilical arterial-venous difference 
of lipid peroxides and acid-base status, Correlation Coefficient (p value) 
Pl-I pCO2 pO2 HCO3 BE 
A ) 
M D A -0.2663 0.2952 -0.2095 0.0407 -0.1251 




OHP -0.2103 0.1107 -0.0858 -0.1548 -0.2223 
(<0.05) O^S) (NS) (NS) (<0.05) 
B ) 
M D A a - v -0.1957 0.2346 -0.0758 0.0159 -0.1000 
(<0.05) (<0.01) G^S) Q<S) CNS) 
OHPa-v -0.0191 0.0463 -0.1246 0.0327 0.0106 
O^S) O^S) o ^ s ) o^S) o ^ s ) 
NS: not signif icant 0^>O.O5). 
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Table 3.14 Umbilical arterial MDA and OHP levels at birtli in acidaemic and 
non-acidaemic samples 
Acidaemia Non-acidaemia p value 
(n=21) (11=124) 
M D A 1 . 5 5 ± 0 . 1 4 1 . 4 5 ± 0 . 1 1 <0.001 
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Figure 3.4 Distribution, median, range and quartile ranges 
of umbilical arterial plasma MDA concentration 
in acidaemic and non-acidaemic groups 
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Figure 3.5 Distribution，median, range and quartile ranges 
of umbilical arterial plasma OHP concentration 
in acidaemic and non-acidaemic groups 
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3.3 Nucleotide metabolites in cord blood plasma 
3.3.1 Calibration of assay 
Correct quant i tat ion depends on the accuracy and day-to-day reproducibi l i ty o f 
the method employed, and on comparison w i t h the appropriate standard. For this 
reason posi t ive displacement pipettes were used in this study. They were checked and 
calibrated dai ly and a control sample was included in each run. A typical 
chromatogram using standards run under HPLC was il lustrated in Figure 3.6. It 
showed the excellent separation o f purine and pyridine-based nucleotides obtained 
using the ion-exchange system. It is important to remember that no two columns, 
even packed w i t h the same resin, w i l l give the same retention times and the separation 
! for the system in use must f irst be established for any new column using indiv idual 
standards. Accord ing to Simonise et al. (1991), the reference plasma levels o f uric 
i 
！ 
acid, hypoxanthine, xanthine and uridine are 222 土 42, <5, < ] and 4±1 jainol/L in 
i 
normal female adults; 261±41, <5, <1 and 4±1 f_imol/L in normal male adults; and 
i 
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F i g u r e 3.6 H P L C trace recorded at 254 and 280 nm and 0.1 absorbance units 
fu l l scale. Because o f the variabi l i ty in retention times depending on 
the column and H P L C system used, only the characteristic 280 nm 
ratios are given. Abbreviat ions used: U A , uric acid; UR, uridine; 
H , hypoxanthine; X , xanthine; HR, inosine 
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3.3.2 Inter-relationship among nucleotides and acid-base status 
A signi f icant posi t ive correlat ion existed between arterial and venous levels o f 
all the measured nucleotides inc lud ing hypoxanthine, xanthine, uridine, inosine, uric 
acid (p<0.001) {Table 3,15). The mean arterial levels were signi f icant ly higher than 
the venous levels for hypoxanthine, xanthine and uridine (p<0.01, p<0.01 and 






: Ar ter ia l xanthine level was signi f icant ly correlated w i th cord blood pH, pCO2, 
HCO3 and B E (p<0.001, p<0.01, p<0.05 and p<0.001); uridine w i th pH, pCO,, pO. 
and B E (p<0.001, p<0.001, p<0.05 and p<0.01), and uric acid w i th HCO3 and B E 
(p<0.01 and p<0.01). Hypoxanthine and inosine showed no signif icant correlations 
w i t h measures o f a c i d - base balance (p>0.05) {Table 3.16). 
Classi fy ing umbi l ica l cord arterial blood samples using a c i i t -o f f va lue for p H 
o f 7 . 2 0 , 21 neonates were acidaemic (Table 3,17). Arter ial plasma levels o f xanthine 
and ur idine were signif icant ly higher in the acidaemic group (p < 0.001 and p<0.01). 
Figure 3J and Figure 3.8 showed the^distr ibution and mean value o f umbi l ica l 




Table 3.15 Correlation analysis between umbilical arterial and venous levels of 
hypoxanthine, xanthine, inosine, uridine and iiric acid levels in 145 term 
deliveries 
Ar te ry V e i n Correlat ion Signi f icance 
mean mean Coef f ic ient o f D i f f e r e n c e 
= ^ ^ ^ ip value) {p value) 
Hypoxan th ine 14.21±15.82 13.23+19.92 0.964 (<0.001) <0.01 
(p-mol /L) 
Xanth ine 1.78士1.57 1.50土1.36 0.684 (<0.001) <0.01 
丨 （| j jnol /L) 
j 
Inosine 1.43士3.60 1.41±3.51 0.733 (<0.001) NS 
( f - imol/L) 
U r i d i ne 7.69±3.39 6.61±2.65 0.589 (<0.001) <0.001 
( ^ m o l / L ) 
U r i c a c i d 362.58±89.00 361.90±95.54 0.877 (<0.001) NS 
(jLimol/L) 
N S : not s igni f icant (p > 0.05). 
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Table 3.16 Correlation analysis: the umbilical arterial purine and pyrimidine 
metabolites, and acid-base status, correlation coefficient (p value) ( n=145) 
PH pCO2 pO2 HCO3 BE 
Hypoxanth ine -0.1282 0.1603 -0.0690 -0.0247 ^ ^ O 0 ^ ~ 
O^s) o^S) OvJS) (NS) (NS) 
. X a n t h i n e -0.3814 0.2696 -0.1074 -0.1710 -0.3295 
(<0.001) (<0.01) (NS) (<0.05) (<0.001) 
Inosine -0.0280 0.0775 -0.0456 0.0602 0.0239 
(NS) (NS) (NS) (NS) (NS) 
Ur id ine -0.3911 0.3428 -0.1853 -0.0663 -0.2659 
(<0.001) (<0.001) (<0.05) (NS) (<0.01) 
Ur ic acid -0.1168 -0.0743 0.0142 0.2548 -0.2309 
O^s) o ^ s ) o^S) (<o .o i ) (<o .o i ) 
NS: not signif icant (p>0.05). 
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Table 3.17 Umbilical arterial purine and pyrimidine metabolites levels, mean ± 
SD (range) (^ imolyHL) at birth in acidaemic and non-acidaemic neonates 
Ac idaemia Non-acidaemia p value 
(n=21) (n=124) 
Hypoxan th ine 1 7 . 4 7 ± 2 1 . 8 7 1 3 . 6 6 i l 4 . 6 0 N S 




Inosine 1 . 5 0 ± 2 . 4 7 1.42土3.76 NS 
Ur id ine 1 0 . 0 0 ± 4 . 9 1 7 . 2 9 ± 2 . 9 0 <0.01 
U r i c acid 387.82 ± 97.01 358.31 ± 87.27 NS 
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Figure 3.7 Distribution, median, range and quartile ranges 
of umbilical arterial plasma xanthine concentration 





< ~ H 
I 0 \ — a M M m J ‘ ^ . 」 』 ^ F ~ ^ 
a 10 " I ^ ^ ^ S ^ 
3 1 - ^ ^ ^ ^ ^ ^ ^ ¾ ! i ^ r e t e ^ ! f : . . : :T| 
(D P B B S 5 S P S * * " S ? ^ 
g 
^ L _ _ _ _ _ J _ _ _ _ 
5 0 ^ 
-ioi = 
Acidaemia Non-acidaemia 
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149 
3.4 Analysis of FHR patterns 





A l l records were analysed using the same program, the mean, standard 
deviat ion and range o f F H R variables were shown in Table 3.18. Figure 3.9 showed 
fetal heart rate w i t h di f ferent frequency. Figure 3,10 showed typical deceleration and 
acceleration o f fetal heart rate. Figure 3.11 showed low frequency tachycardia. 
Figure 3,12 showed the components o f uterine contractions. 
Table 3,19 l isted various C T G items correlated w i th arterial p H and blood 
gas. There were signif icant correlations between decelerations and pH, pCO] or C^ 
saturation, and between contraction and p H or BE. The A_dec and P epdec were 
s igni f icant ly correlated w i t h b lood p H and pCO] (p<0.01-0.05); N—dec w i th pCO) l 
(p<0.05), N_cont w i t h p H and BE (p<0.05 and p<0.05), and P-epdec w i th O2 
saturation (p<0.05). Figure 3.13 and Figure 3.14 showed the correlations between 
the p H value o f umbi l ica l artery blood and area or duration o f decelerations, 
respectively. Figures 3.15-3J7 showed the correlations between the pCO2 levels 
and three variables o f decelerations. 
Classi fy ing umbi l ical cord arterial blood samples using a cut-of f value for p H 
o f 7.20, 21 neonates were acidaemic {Table3.20). Decelerations existed signif icant 
150 
I 
di f ference between two groups. A—dec and P—epdec were s igni f icant ly higher in the 
acidaemia group than that in non-acidaemia group (p<0.01 and p<0.01)), but in the 
values o f acceleration, tachycardia and contractions there were no signif icant 





3.4.2 Biochemical parameters and CTG analysis 
j 
Table 3.21 showed the relationship between F H R pattern distr ibutions and 
l i p id peroxydat ion in the arterial plasma. There was signif icant correlation between 
contractions and OHP. N_cont , N_epcont and P_epcont were signif icant ly correlated 
w i t h OHP (><0.05). However, there were no signif icant ly correlations between the 
F H R patterns and M D A . 
Table 3.22 outl ines the relationship between F H R pattern distr ibutions and 
purine and pyr imid ine metabolites in arterial plasma. There were signif icant 
correlations between the decelerations or contraction and uridine. A—dec, N dec, 
P_epdec and N_cont were signif icant ly correlated w i th uridine {p< 0.05, p<0.01, 
;7<O.Ol and p<0.05). However, there were no signif icant correlations between the 
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I Table 3.18 Variables of CTG 
I 
Range Mean SD 
A_acc 0-238 ^ 3 ^ 
N_acc 0-56 6.7 7.6 
P-epacc 0-44 4 .7 7 1 
A_dec 0-9312 1354.4 1809.9 
N_dec 0-17 4.5 3.7 
P_epdec 0-44 7.8 9.4 
A_ tach 0-35654 1726.8 4668.6 
P_eptach 0-99 18.9 34.1 
P_eplvar 0-99 15.1 22.8 
N—cont 0-18 9.8 4.5 
N—epcont 0-667 339.2 182.3 










Table 3.19 Correlations between CTG variables and arterial cord blood acid 
base 
, 
~ ~ ^ ~ ^ P ^ ^ HCO3 O2 S A T * 
N_dec -0.1513 - 0 . 0 5 8 6 ~ ~ O T 4 5 “ ™ o T ^ 0 ^ ^ T 0 5 0 7 ~ ~ " 
NS NS NS <0.05 NS NS 
A-dec -0.2027 0.0800 -0.1425 0.2468 0.0516 -0 1630 
<0.05 NS NS <0.01 NS NS 
P—epdec -0.2146 -0.0929 -0.1451 0.2552 0.0425 -0 1676 
<0.05 NS NS <0.01 NS <0.05 
N_acc -0.0349 -0.0463 -0.0434 0.0056 -0.0386 -0 0445 
N S N S N S NS NS N S 
A_acc -0.0146 -0.0800 0.0402 -0.0591 -0.1076 0.0456 
N S N S NS NS NS N S 
P-epacc -0.0131 -0.0771 0.0279 -0.0556 -0.1039 0.0413 
N S N S NS NS NS NS 
A- tach -0.0503 0.0015 -0.1080 0.0965 0.0470 -0.0951 
NS N S NS NS NS NS ‘ 
P_eptach 0.0048 0.0407 -0.0234 0.0565 0.061 ] -0.0005 
NS NS NS NS NS NS 
P_eplvar 0.0534 0.0942 -0.0211 0.0188 0.0942 0.0066 
N S N S N S NS NS NS 
N _ c o n t -0.2041 -0.1650 0.0058 0.1339 -0.0768 -0.0738 
<0.05 <0.05 NS NS NS NS 
N_epcont -0.1229 -0.1066 0.0205 0.0643 -0.0586 -0.0397 
NS NS NS NS NS NS 
P_epcont -0.0854 -0.0782 0.0625 0.0391 -0.0477 0.0147 
NS NS NS NS NS NS 
* 〇2 SAT= O2 Saturation. N S : n o t s i g n i f i c a n t ( p > 0 . 0 5 ) . 
丨 1 5 7 




Acidaemia Non-acidaemia p value 
(n=21) (n=124) 
: A_acc 3 L 7 ± 4 1 . 3 2 ’0 .3±35 .5 N S ~ ~ — 
N_acc 7.3 士 7.4 6.5 士 7.6 NS 
P_epacc 6 . 8 ± 8 . 4 4 . 3 ± 6 . 8 NS 
A_dec 2384.2 土 2738.2 1180.0 土 1550.5 <0.01 
N_dec 5 . 8 ± 4 . 4 4 .3土3 .6 NS 
P_epdec 1 3 . 0 ± 1 3 . 9 7 .0土8.2 <0.01 
A_ tach 2533.1 ± 4 8 5 5 . 8 1590.2±4642.5 NS 
P_eptach 27 .4士41.2 1 7 . 5 ± 3 2 . 7 NS 
P_eplvar 1 0 . 1 ± 1 9 . 5 1 5 . 9 ± 2 3 . 3 NS 
N_con t 1 0 . 6 ± 5 . 2 9 . 7 ± 4 . 4 NS 
N_epcont 344.5 土 】99.3 338.3 土 180.2 NS 
P_epcont 3 9 . 2 ± 2 1 . 3 39.1 ± 1 8 . 8 NS 
N S : not signif icant (p>0.05). 
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Table 3.21 Correlations between CTG variables and MDA or OHP 
… M D A - OHP ~ ~ 
A_acc -0.0209 Q^S) 0.0997 Q^S) 
N_acc 0.0283 (NS) 0.0071 (NS) 
P—epacc -0.0085 (NS) 0.1421 Q^S) 
A_dec 0.1245 O^S) 0.0865 Q^S) 
N_dec 0.0632 O^S) 0.0475 Q<S) 
P_epdec 0.1194 O^S) 0.0533 O^S) 
A_ tach 0.0699 (NS) 0.0369 (NS) 
P_eptach 0.0056 Q<lS) 0.0275 (NS) 
P_eplvar -0.0269 O^S) -0.0645 Q^S) 
N_con t -0.0414 (NS) -0.1668 (<0 .05) 
N—epcont -0.0242 (NS) -0.1875 (<0 .05) 
丨 P—epcont -0.0206 G^S) -0.1909 (<0 .05) 
NS: not signif icant (>;>0.05). 
i 
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Table 3.22 Correlations between CTG variables and purine and pyrimidine 
metabolites 
Hypoxanth ine Xanthine Inosine Ur ic acid Ur id ine 
( A_acc 0.0038 0.0925 ^ 0 ： ^ :0.0260 ~ ~ 0 1089 ~ 
[ N S NS NS NS NS 
N_acc -0.0708 0.0717 : 0 .0892 0.0115 0.0211 
N S NS NS NS NS 
P-epacc 0.0150 0.1251 -0.0314 -0.0409 0.1108 
N S NS NS NS NS 
A_dec 0.0298 0.1478 0.0615 -0.1008 0.2037 
NS NS (0.076) NS NS <0.05 
N_dec 0.0126 0.0873 0.1475 -0.0534 0.2171 
NS NS NS (0.077) NS <0.01 
P—epdec 0.0358 0.1293 0.1226 -0.0882 0.2288 
NS NS NS NS <0.01 
A—tach 0.0352 0.1413 0.2109 0.1516 0.1388 
I NS NS (0.09) <0.05 NS (0.069) NS 
P_eptach -0.0353 0.0374 0.0338 0.1207 0.0740 
NS NS NS NS NS 
P_eplvar -0.0464 0.0326 0.0017 0.2366 -0.0652 
NS NS NS <0.01 NS 
N_cont 0.0229 0.0339 0.0467 0.1019 0.1773 
NS NS NS NS <0.05 
N_epcont 0.0252 -0.0184 0.0787 0.1228 0.1163 
NS NS NS NS NS 
P_epcont 0.0148 -0.0292 0.0717 0.1030 0.0941 
NS NS NS NS NS 





3 . 5 R e l a t i o n s o f u m b i l i c a l arter ia l b l o o d p H a n d gas , l ipid p e r o x i d a t i o n , p u r i n e 
o r p y r i m i d i n e m e t a b o l i t e s a n d F H R p a t t e r n s w i t h i n t r a p a r t u m 
c o m p l i c a t i o n s 
i 
3 .5 .1 M e c o n i u m s t a i n e d a m n i o t i c f lu id 
; / 







I n the 145 deliveries in this study, 34 had documented meconium-stained 
amniot ic f l u id and 111 non-meconium stained amniotic f lu id. The mean maternal age 
in the meconium and non-meconium groups was 28.8 土 5.2 and 29.6 土 4.7 years 
i. • 
f 
respectively, and the mean gestational age at del ivery was 40.0 士 1.2 and 39.8 土 1.5 
: weeks respectively. A m o n g the meconium babies, 23.5% were delivered by ventoiise 
I ex t rac t ion , 2 . 9 % by fo rceps , 11 .8% by Cacsa rean sect ion, and 6 1 . 8 % vaginal de l ivery . 
: In the n o n - m e c o n i u m group , 2 1 . 6 % bab ies w e r e del ivered by v a c u u m , 6 . 3 % by 
i ： forceps, 2 0 . 7 % by Caesarean section and 51.4% vaginal delivery. There were no 
signif icant differences in maternal age, parity, length o f labour and mode o f del ivery 
between the two groups. 
i . 
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3 . 5 . 1 . 2 R e l a t i o n s h i p b e t w e e n m e c o n i u m s ta ined a m n i o t i c f lu id a n d b i o c h e m i c a l 
I 
p a r a m e t e r s 
The umbi l i ca l b lood levels in p H and ^as, l ip id peroxidat ion, purine and 
i 
pyr im id ine metabolites in the two groups were shown in Table 3.23. There were no 
signi f icant differences in any o f these biochemical parameters between the two 
groups. 
3 .5 .1 .3 R e l a t i o n s h i p b e t w e e n m e c o n i u m s ta ined a m n i o t i c f luid a n d F H R 
！ 
p a t t e r n s 
The F H R patterns in meconium group were compared w i th those in non-
1 
meconium group as shown in Table 3,24. There were no signif icant differences in any 
o f these F H R patterns between the two groups. 
3 .5 .2 N u c h a l cord 
3 .5 .2 .1 Cl in ica l f ea tures 
In the 145 del iver ies , 16 (11 .0%) in fan ts had nuchal cords. The m e a n mate rna l 
age w a s 29 .6 土 4 .3 and 29 .4 土 4 .9 years respect ively , and the mean gestat ional age at 
de l ivery w a s 39 .7 土 1.5 and 39.9 ±1 .4 w e e k s in the nuchal cord and non-niichal cord 
167 
i .. 
1 groups, respectively. A m o n g nuchal cord babies, 37.5% were del ivered by ventouse 
:l 
extract ion, 6 .3% by forceps, 6 .3% by Caesarean section and 50.0% vaginal del ivery. 
I n the non-nuchal cord group 20.2% babies were delivered by vacuum, 5.4% by 
forceps, 20 .1% by Caesarean section and 54.3% vaginal del ivery. There were no 
signi f icant differences in maternal age, pa r i t yJeng th o f l abour , and mode o f d e l i v e r y 
between the two groups. 
3.5.2.2 Relationship between nuchal cord and biochemical parameters 
The results f r om cord b lood assays in two groups are shown in Table 3.25. 
There were no signif icant differences in blood p H and gas, M D A , OHP, 
hypoxanthine, xanthine, inosine, ur id ine and uric acid levels between the two groups. 
3.5.2.3 Relationship between nuchal cord and FHR patterns 
The F H R patterns in nuchal cord group were compared w i th those in non-
nuchal cord group as shown in Table 3.26. There were no signif icant differences in 
any o f F H R patterns between the two groups. 
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3.5.3 The length of second stage oflabour 
3.5.3.1 Clinical features 
The length o fsecond stage was studied in 118 deliveries (excluding cases w i t h 
Caesarean section) in this study. The durat ion was 38.4 土 35.5 min (mean 土 SD), 
range being 2-190 min. 
3.5.3.2 Relationship between length of second stage and acidaemia or FHR 
patterns 
The mean duration was 49.3 土 37.6 and 20.8 士 22.8 min in the pr imiparous 
(73) and mii l t iparoi is women (45), respectively. The difference was statistically 
signif icant (p<0.001). However, the length o f second stage o f labour was not 
s igni f icant ly correlated w i th cord blood pH, gas, M D A , OHP, hypoxanthine, xanthine, 
inosine, ur idine or uric acid levels. 
Classi fy ing umbi l ical cord arterial blood samples as acidaemia or non-
acidaemia using a cut -o f f value for p H o f7 .20 , the duration o f second stage o f labour 
was 37.5 土 24.4 min and 38.6 土 37.3 irdn (mean 士 SD) in acidaemia and non-
j I 
acidaemia group, respectively. The difference was not statistically signif icant 
(p>0.05). 
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However , there were s igni f icant correlat ions between the length o f second 
stage o f labour and tachycardia and between the length and contractions. The length 
was s ign i f i cant ly correlated w i t h A_ tach , P_eptacl i , N_epcont and P_epcont (p<0.01, 
P<0.001, p<0.05 and p<0.05) {Table 3,27). 
r 
;j 
3.5.4 Apgar scores 
3.5.4.1 Clinical features 
I n a total o f 145 deliveries, the mean Apgar score was 8.3 土 1.2 and 9.5 土 0.8 
in 1 and 5 m in , respectively. Twe lve babies (8.3%) had a 1 m i n Apgar score o f less 
than 7, 5 babies had a 5 m i n Apgar score o f 7 and others greater than 7. 
3.5.4.2 Relationship between Apgar scores and biochemical parameters 
The 1 and 5 m i n Apgar scores were signi f icant ly correlated w i th cord b lood 
pH , pCO2, xanthine and uridine (p<0.001-0.05); 1 m in Apgar score alone was 
s igni f icant ly correlated w i t h B E and M D A (p<0.05) {Table 3,28). Figure 3.18 and 
Figure 3.19 showed the correlations between the umbi l ica l artery blood p H and 1 and 
5 min Apgar scores, respectively. The 1 and 5 min Apgar scores were significantly 
I lower in the acidaemic group (p<0.001 and p<0.05), as defined by an umbi l ica l 
i 
arterial p H equal or less than 7.20 (Table 3.29). Figure 3.20 and Figure 3.21 showed 
170 
I I I • 
！ 
) I 
the distribution, mean value and standard deviation ofApgar scores at 1 and 5 min in 
acidaemia and non-acidaemia groups, respectively. 
3.5.4.3 Relationship between Apgar score and FHR patterns 
The 1 and 5 m i n Apgar scores were signi f icant ly correlated w i th P_eptach 
(p<0.05 and p<0.01); 1 m i i i Apgar score alone was signif icant ly correlated w i t h 
N_dec and P_epdec (p<0.01 and p<0.05), 5 m i n Apgar score w i th A—tach (p<0.05) 
i 
I , j . 
I {Table 3,30), Figure 3.22 and Figure 3,23 showed the correlations between the j 
Apgar score al 1 m i n and number or duration o f decelerations, respectively. 
3.5.4.4 Relationship between Apgar score and nuchal cord, meconium or 
second stage oflabour 
There was a signif icant difference in 1 minute Apgar score between the niichal 
cord and non-nuchal cord groups (p<0.05) (Table 3.31). However, there were no 
signif icant differences in 1 and 5 minute Apgar scores between the meconium and 
non-meconi i im group {Tahle 3.32), and bolh 1 min and 5 min Apgar score were not 
signif icantly correlated w i th the length ofsecond stage. 
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Table 3.23 Comparison ofbiochemical parameters between meconium and 
non-meconium stained groups 
M e c o n i u m Non-mecon ium p value 
stained (n=34) stained ( n = l l l ) 
p H 7 .28土0 .07 7 . 2 7 ^ 0 . 0 8 NS 
pO2 2 .66土0 .81 2 . 7 2 ± 0 . 7 4 N S 
pCO2 6 . 6 6 ± 1.43 6 . 7 9 ± 1 . 1 6 NS 
H C O 3 2 3 . 1 6 ± 3.06 23 ‘14士2.80 NS 
B E - 3 . 9 0 ± 3 . 2 6 - 4 . 2 1 ± 3 . 4 7 NS 
M D A 1 . 4 6 ± 0 . 1 1 1 ,46士0.12 NS 
O H P 2 4 4 . 9 0 ± 36.00 243.50 ± 4 1 . 0 0 NS 
Hypoxanth ine 1 3 . 3 8 ± 1 8 . 1 7 14.47土15.11 NS 
Xanth ine 1.30 土 0.90 1.93 士 1.70 NS 
Inosine 1 . 0 7 ± 2 . 0 3 1.54 ± 3 . 9 5 NS 
Ur id ine 6 . 6 2 ± 2 . 4 9 8.01 ± 3 . 5 6 NS 
U r i c a c i d 341.02 ± 85.58 369.19 ± 89.35 NS 
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Table 3.24 Comparison o fFHR patterns between meconium and non-meconium 
stained groups 
M e c o n i u m Non -mecon i i im p value 
(N=34 ) 0^=111 ) 
A_acc — 19 .9132 .4~~^ 2 2 . 6 ± 3 7 . ^ ^ “ 
N_acc 6 . 1 ± 6.3 6.83 ± 7 . 9 N S 
P-epacc 4 . 2 ± 6 . 5 4 . 8 ± 7 . 3 N S 
A_dec 1192 .9± 178.0 1451.8 土 1809.5 NS 
N_dec 4 .4土3 .9 4 . 5 ± 3 . 7 ‘ N S 
P_epdec 7 . 1 ± 9 . 4 8 .1士9.5 NS 
A_ tach 2 1 7 0 . 7 ± 3 9 7 0 . 4 1590 .8±4870 .7 NS 
P—eptach 2 6 . 9 ± 3 9 . 6 1 6 . 4 ± 3 2 . NS 
P_eplvar 1 7 . 4 ± 2 2 . 4 1 4 . 4 ± 2 3 . 0 NS 
N_con t 9 . 0 ± 5 . 2 ] 0 . 1 ± 4 . 3 NS 
N_epcont 305.3 土 194.1 349.6 土 178.2 NS 
P_epcont 3 7 . 1 ± 19.0 39.7 ± 1 9 . 2 NS 
N S : not signif icant (p>0.05). 
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Table 3.25 Comparison ofbiochemical parameters between nuchal and non-
nuchaI cord groups 
Nucha l cord Non-nucha l cord p value 
(n=16) (n=129) 
p H 7.27 士 0.09 7.27 土 0.07 NS 
pO2 2.59 土 0.79 2.72 士 0.75 NS 
pCO2 6 . 6 7 ± 1.64 6.78 ± 1 . 1 7 NS 
H C O 3 2 2 . 4 2 ± 3.12 23 .23±2 .81 NS 
B E _ 4 . 8 4 ± 4 . 0 1 - 4 . 0 5 ± 3 . 3 4 N S 
M D A 1 .47土0.12 1.46 ± 0 . 1 2 NS 
O H P 2 5 6 . 2 0 ± 36.0 242.30 ± 4 0 . 0 0 NS 
Hypoxanth ine 1 5 . 7 6 i l 9 . 5 2 14 .02±15 .39 NS 
Xanth ine ] . 9 6 ± 1.73 1.76 土1.55 NS 
Inosine 2 . 8 7 ± 8.27 1.253 ± 2 . 5 0 NS 
Ur id ine 7.68土 3.9 7.69 土3.33 NS 
Ur i c acid 365.09 土 98.99 3 6 2 . 2 7 ± 8 8 . 1 0 NS 
NS: not s igni f icant (p>0.05). 
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Table 3.26 Comparison o fFHR patterns between nuchal and non-nuchaI cord 
groups 
Nucha l cord Non-nucha l cord p value 
0 ^ = 1 6 ) Q^=U9) 
A_acc 1 4 . 9 ± 30.7 22.8 + 37.2 NS 
N_acc 6 . 0 ± 8 . 1 6 . 7 ± 7 . 5 N S 
P-epacc 3 . 6 ± 7 . 2 4 . 8 ± 7 . 1 N S 
A_dec 1693.9土 1220.8 1312.3 ± 1799.1 NS 
N_dec 5 . 8 ± 5 . 1 4 . 3 ± 3 . 5 NS 
P_epdec 9 . 9 ± 1 0 . 7 7 .6土9.3 N S 
A_ tach 2 1 6 . 0 ± 5 6 4 . 7 1914.2土4915.5 NS 
P_eptach 7.9 土 19.6 20.3 土 35.3 NS 
P_eplvar 1 5 . 6 ± 1 9 . 9 15.0土23.2 NS 
N _ c o n t 1 1 . 3 ± 3.3 9 . 6 4 ± 4 . 7 NS 
N_epcont 4 1 1 . 6 ± 154.2 330.2 ±184 .1 NS 
P_epcont 4 5 . 8 ± 1 6 . 8 38.3土19.3 NS 
NS: not s igni f icant (p>0.05). 
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Table 3.27 FHR patterns correlated with the length of second stage 
Correlat ion Coef f ic ient Signif icance o f D i f f e r e n c e 
— _5y_l8) {p value) 
A_acc — - 0 . 0 3 ¾ T ^ — 
N_acc 0.0783 ‘ NS 
P-epacc -0.0224 NS 
A_dec -0.1325 NS 
N_dec -0.1104 NS 
P_epdec -0.1314 NS 
A—tach 0.2975 <0.01 
P_eptach 0.3228 <0.001 
P_eplvar 0.1489 NS 
N cont 0.1691 NS 
\ — i 
i 
N_epcont 0.2170 <0.05 
P_epcont 0.2073 <0.05 
j • 
NS: not signif icant (；^>0.05). 
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Table 3.28 Correlations between Apgar score and other biochemical parameters 
Apgar score 1 m in Apgar score 5 min 
^ 0.3191 o J m 
<0.001 ’ <0.05 
B E 0.1824 0.0629 
<0.05 NS 
pO2 0.1402 0.0653 
I NS NS 
1 
I pCO2 -0.3268 -0.2335 
<0.001 <0.01 
HCO3 0.0031 -0.0577 
NS NS 
M D A -0.1649 -0.0437 
<0.05 NS 
OHP -0.0709 -0.0465 
NS NS 
Hypoxanthine 0.0294 -0.0969 
NS NS 
Xanthine -0.2082 -0.2959 
<0.05 <0.001 
Inosine 0.0713 0.0102 
NS NS 
Ur ic acid -0.0226 -0.0449 
NS NS 
Uridine -0.2997 -0.2888 
<0.001 <0.001 
NS: not significant 0^>0.05). 
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Table 3.29 Comparison of Apgar scores between acidaemic and non-acidaemic 
groups 
Apgar score Ac idaemia Non-acidaemia p value 
(n=21) (n=124) 
1 minute 7 . 3 3 ± 1.28 8.45 ± 1 . 1 3 < 0 ^ 
5 minutes 9.10土 1.04 9 . 5 2 ± 0 . 6 8 <0.05 




Table 3.30 Correlations between Apgar score and FHR patterns 
Apgar score 1 m i n Apgar score 5 m i n 
A_acc -0.0347 0.0562 
— NS NS 
N_acc -0.0457 -0.0192 
_ NS NS 
P_epacc -0.0083 0.0731 
“ NS NS 
A_dec -0.1495 -0.0770 
一 NS NS 
N_dec -0.2559 -0.0655 
一 <0.01 NS 
P epdec -0.1705 -0.0680 
“ <0.05 NS 
A_tach 0.1018 -0.1916 
— NS <0.05 
i P eptach - 0 遍 -0.2282 
i 一 <0.05 <0.01 
p eplvar -0.0625 -0.1462 
“ NS NS 
N cont 0.0300 -0.0136 
— NS NS 
N epcont 0-^410 0.0191 
~ NS NS 
i 
！ P epcont 0.0534 0.0283 
I - NS NS 
NS: not signif icant (p>0.05). 
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Table 3.31 Relationship between Apgar score and nuchal cord 
Apgar score Nucha l cord Non-nuchal cord p value ^ 
(n=16) (n=129) 
1 minute 7 . 6 9 ± 1.70 8 . 3 6 ± 1 . 1 3 p < 0 . 0 5 
5 minutes 9 . 4 4 ± 0.63 9 . 4 6 ± 0 . 7 7 NS 
NS: not s igni f icant (p>0.05). 
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Table 3.32 Comparison ofone and five min Apgar scores between meconium 
stained and non-meconium stained groups 
Apgar score M e c o n i u m Non -mecon ium p value 
(n=34) ( n = l 1 f ) 
1 minute 8 . 0 3 ± 1 . 6 1 8 .37土1.06 NS 
5 minutes 9 . 5 3 ± 0.75 9.43 ± 0 . 7 6 N S 
N S : not s igni f icant (p>0.05). 
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Figure 3.20 Distribution, median, range and quartile ranges 
of Apgar score at 1 minute in acidaemic and non-
acidaemic groups 
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Figure 3.21 Distribution, median, range and quartile ranges 
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I Figure 3.22 Correlation between the number of decelerations 
(number of events in 30 min) and Apgar score at 
E 1 minute (;7<O.O]) 
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4.1 Blood pH and gas in fetal asphyxia 
B i r t h asphyxia, as def ined by hypox ia and acidosis, has an contr ibut ion to the 
variety o f causes o f new-born depression (Btai r and Stanley, 1988; Nelson, 1988). 
Because o f the inherent problems in diagnosing neonatal depression using Apgar 
scores, umbi l i ca l cord p H has been considered to be a more objective indicator o f 
bir th asphyxia at the t ime o f del ivery (Sykes et al” 1982; Si lverman ct al., 1985; 
Gordon and Johnson, 1985; Mar r i n and Bosco, 1988). It has been suggested that in 
the presence o f n e w - b o r n depression as indicated by low Apgar scores, bir th asphyxia 
could be ruled out by cord b lood p H measurements in approximately 80% o f cases 
(Sykes et al., 1982). Umb i l i ca l cord b lood gas measurements have been extensively 
described for the uncomplicated term new-born infants (Clark et al., 1969; Modan lou 
et al., 1974; Wib le et aL, 1982; Yeomans et al., 1985; M i l l e r et al,, 1990). Rout ine 
umbi l ica l cord blood gas determinations for al l deliveries have been suggested, and it 
is believed that these determinations w i l l be worth-whi le only i f there is fu l l 
understanding o f the effects o f labour and del ivery, as wel l as gestational age, on the 
cord blood gas values (Thorp et al., 1989). 
The abi l i ty to accurately ident i fy wh ich neonate has severe enough oxygen 
deprivation to cause brain damage has remained elusive. Normal Apgar scores are 
highly predictive o f normal neurodevelopment, but even very low Apgar scores are 
not predictive o f cerebral palsy G^elson and Ellenberg, 1976; Scott, 1976; Thomson et 
‘ al., 1977). The risk o f cerebral palsy increases appreciably only wi th prolonged 
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depression o f the Apgar score or i f there are associated cl in ical signs o f new-born 
encephalopathy and seizures O^elson and El lenberg, 1976; El lenberg and Nelson, 
1988). Even w i t h such a compl icated new-bom course it is d i f f i cu l t to relate specif ic 
signs and symptoms w i t h a h igh r isk o f neurologic sequelae, and most infants w i l l 
recover w i thou t permanent residual effects (Freeman and Nelson, 1988). 
The recogni t ion o f fetal acidaemia might be expected to improve the 
ident i f icat ion o f the new-born at increased r isk for cerebral palsy. Severe acidaemia 
is most of ten associated w i t h an uncomplicated new-born course (Gi ls lrap et cd., 1989; 
Fee et aL, 1990; Goldaber et al., 1991) and w i t h normal outcome (Fee et al., 1990; 
Goodw in et al., 1992). However , when acidaemia is accompanied by low Apgar 
scores, the incidence o f seizures and abnormal neurologic f indings in the immediate 
new-born period is increased (Wink ler et al., 1991; Goodwin et aL, 1992). Further, 
new-born behavioural abnormalit ies at 2 weeks ( L o w et al., 1990a) and the incidence 
o f motor and cognit ive deficits at 1 year ( L o w et al., 1988) have been reported to be 
increased when severe metabolic acidosis complicates delivery. I l is speculated that 
beyond a cr i t ical threshold o f fetal asphyxia there exists a continuum o f casualty in 
the surv iv ing infants. Nonetheless, the ult imate prognosis remains unclear, and at 
least one study, surprisingly, reported that new-borns wi th a low 1 -minute Apgar 
score and normal umbi l ica l cord arterial p H were the ones most l ikely to demonstrate 
chi ldhood neurologic abnormalit ies (Dennis el al., 1989). 
Obstetricians probably direct more health care resources to the prevention o f 
fetal asphyxia (hypoxia and acidosis) than to any other fetal complication. Umbi l ica l 
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blood acid-base studies provide a scientif ic measure and are the “go ld standard” for 
ident i fy ing asphyxia o f t h e fetus. As such they should be used to evaluate diagnostic 
and treatment modali t ies designed to prevent asphyxia. Routine umbi l ical blood gas 
determination at the t ime o f del ivery has been recommended for both patient care and 
legal defence (Gilstrap et al, 1989; Thorp 'et al., 1989; Johnson et aL, ]990; 
Dick inson etal., 1992). 
The acid-base values w i th in the umbi l ica l artery are the most accurate 
indications o f fetal tissue status. Umbi l ica l venous acid-base values reflect placental 
respiratory status and may not be affected in all causes o f fe ta l acidosis. For example, 
reduced fetal perfusion o f the placenta result ing f rom umbil ical cord occlusion or 
poor fetal cardiac output wou ld be expected to result in ultimate fetaI tissue acidosis. 
However, the delay in transit o f fetal blood through the placenta in cases o f reduced 
i 1 cord blood f l ow may result in improved equilibration wi th maternal blood and the 
； presence o f essentially normal p H values in the umbil ical venous sample. However, 
I 
since umbi l ical venous blood f low is also reduced under these circumstances, further 
tissue hypoxia and acidosis occur that are readily reflected in umbil ical arterial blood 
analysis (Boesel et al., 1986). It has been reported that in cases o f umbi l ical cord 
entanglement, a mean p H difference o f 0.12 between the artery and vein is observed 
(Gordon and Johnson, 1985). On the other hand, when the cause of fetal acidaemia is 
reduced perfusion o f the placenta from the maternal side (uteroplacental insuff iciency, 
tetanic uterine contractions, or maternal hypotension)，reduced pH values in both the 
umbil ical arterial and venous blood can be expected. The mean difference between 
these pH values is then characteristically less and in the range o f 0.05 (Gordon and 
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Johnson, 1985). O f course, various combinat ions o f uteroplacental insuf f ic iency and 
cord occlusion can occur. However , p H and b lood gas differences between the two 
vessels may be used as a crude indicat ion o f the cause o f fetal acidemia. This 
in fo rmat ion can be o f assistance to the obstetric team in reconstructing events that 
occurred dur ing labour and del ivery. ^ 、 
The values reported here for umbi l ica l cord blood acid-base status in 145 term 
deliveries are in general agreement w i th those o f other workers (Ri ley and Johnson, 
1993). The signif icant difference in arterial-venous levels o f pO2 and p C O 2 
suggested good placental funct ion in most o f the deliveries in this study. Fetal acid-
base values f rom the umbi l i ca l artery reflect the condit ion o f the fetus in utero because 
this b lood f lows f rom the fetus on its way back to lhe placenta, and llierefore reflects 
the metabol ic status o f the fetal tissues. The placenta is drained by the umbi l ica l vein, 
and b lood f rom this source reflects transplacental respiratory exchange w i th the 
mother. Umbi l i ca l arterial p H and base excess were lower than corresponding venous 
p H and base excess, respectively. 
Our mean values for pH and blood gases in term infants, were simi lar to 
those o f previous reports (Yeomans et aL, 1985; Yancey et aL, 1992; Goodl in et cil., 
1994). Since previous data in the literature suggest that cord artery p H most 
accurately reflects fetal and new-born status as compared to any other cord arterial 
and venous blood gas measurement (Gordon and Johnson, 1985; Blair and Stanley, 
1988), the data are presented w i th the main emphasis on cord artery p H values. In our 
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study acidaemia was def ined as an umbi l ica l artery blood p H o f 7.20 or lower , 
therefore, there were 21 cases o f acidaemia and 124 cases ofnon-acidaemia. 
Fetal metabol ic acidosis results when fetal oxygenation is insuf f ic ient , 
therefore measurement o f umbi l i ca l cord bl'ood acid-base balance is useful to 
determine i f t h e fetus has undergone hypoxia dur ing labour (Johnson et al., 1990). I t 
serves as a measure o f the welfare o f the fetus, and provides indications about the 
mechanisms responsible for fetal asphyxia. The fetus reacts at the onset o f asphyxia 
w i t h a remarkable series o f responses, pr imar i ly a redistr ibution o f bIood f l o w that 
serves to l im i t the deleterious effects o f hypoxia in v i ta l organs. This usually enables 
the fetus to survive hypox ia unless the insult is too profound or prolonged. The most 
common hypoxic stresses imposed on the fetus during labour are related to 
insuff ic iency o f uterine or umbi l ica l blood f l ow, and occasionally to a decrease in 
uterine arterial oxygenation. 
The universal or w ide scale use o f umbi l ica l blood acid-base studies could 
serve as a major asset to qual i ty assurance and evaluation. The percentage o f babies 
delivered w i th metabolic acidosis o f some magnitude could be used as a measure o f 
overal l quality o f obstetric care. Cost-effectiveness is another question and one that 
I cannot be substantiated at this time. We anticipate that umbi l ical blood acid-base 
j 
studies w i l l improve the cost-effectiveness o f intrapartum care by aiding in the 
identi f icat ion o f the most efficacious diagnostic and treatment options. Umbi l i ca l 





I n our efforts to assess the baby at del ivery, we have progressed beyond 
descriptive terminology. I t is t ime to incorporate precise and meaningful laboratory 
tests into our assessment o f the baby. Umbi l ica l blood acid-base studies provide this 
in format ion and also clues about the underlying pathologic process. They w i l l help us 
establish better diagnostic criteria and more efficacious therapeutic interventions. 
4.2 Lipid peroxidation in cord blood at birth 
A free radical is any molecule that has an odd number o f electrons. Free 
radicals, wh ich can occur in both organic and inorganic molecules, are highly reactive 
and, therefore, transient. Free radicals are generated in vivo as by-products o f normal 
metabolism. They are also produced when an organism is exposed to ionising 
radiation, to drugs capable o f redox cycling, or to xenobiotics that can form free 
radical metabolites in situ. Cellular targets at risk f rom free radical damage depend on 
;I the nature o f the radical and its site o f generation. 
Oxygen containing radicals are, on the whole, a highly reactive species. They 
I 
can cause hydrogen abstraction, bond scission and polymerisation reactions. The O H 
radical is one o f the most reactive of oxygen radical species. Because o f this high 
reactivity it is often di f f icul t to detect, particularly in biological systems. 
I: 
；： Polyunsaturated fatty acids, proteins, DNA and carbohydratcs are all suscepliblc to 
r s 
• free radical attack, particularly by the OH radical. The products o f these reactions are 
i 
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becoming better characterised and are n o w more w ide ly used as evidence o f free 
radical damage occurr ing in vivo. 
There is current ly great interest in the role o f free radicals in the 
pathophysio logy o f a number o f diseases inc lud ing rheumatoid arthrit is (Andrews et 
al., 1989), diabetes mel l i tus (Ober ly, 1988) and ischaemia-reperfusion in jury (B i i r re l l 
& Blake, 1989). Free radicals have a very short hal f - l i fe in vivo and can be detected 
direct ly only by using electron spin resonance, a technique wh ich is d i f f icu l t to apply 
to complex bio logical matrices (Mason, 1984). In these condit ions, therefore, free 
radical act iv i ty has usually been assessed indirect ly, either by determining ant ioxidant 
consumpt ion or by measuring damage products result ing f rom interaction w i t h 
complex b io logical molecules, such as proteins, carbohydrates or l ipids. 
I t is now clear that oxygen-derived free radicals play an important part in 
several models o f experimental ly induced reperfusion injury. A l though there are 
certainly mul t ip le components to cl inical ischaemic and reperfusion injury, it appears 
l ike ly that free-radical product ion may make a major contr ibution at certain stages in 
the progression o f the in jury. Reperfused tissues are protected in a variety o f 
laboratory models by scavengers o f superoxide radicals or hydroxyl radicals or by 
aI lopurinol or other inhibitors o f xanthine oxidase. Dysfunct ion induced by free 
radicals may thus be a major component o f ischemic diseases o f lhe heart, bowel, 




A s the h igh ly reactive free oxygen radicals can attack cell membrane 
phosphol ip ids and act on unsaturated fatty acid to produce l i p id peroxides, and as 
peroxidat ion o f f a t t y acids contain ing three or more double bonds can produce M D A , 
cord plasma M D A and OHP levels wh ich indirect ly reflect the free oxygen radical 
product ion dur ing labour, were investigated in this study. 
Tests used in c l in ical practice to evaluate l ip id peroxidat ion include 
f luorometry o f l ipofuscin- l ike substances in serum (Sohal ct aL, 1989); 
spectrophotometry o f conjugated dienes in l ip id extracts o f plasma (Hunter and 
Mohamed, 1987); gas chromatography o f ethane, pentane and other alkanes in 
i 
I exhaled breath (Jeejeebhoy, 1991); and the hydrolysis o f plasma l ipoperoxides to f o rm 
malondialdehyde ( M D A ) , wh ich reacts w i t h thiobarbituric acid ( T B A ) to y ie ld a red 
I 
M D A - T B A adduct (Yagi , 1976; Satoh, 1978). The latter is measured by 
spectrophotometry, or f luorometry usually after extraction w i th butanol. 
Peroxidation in various biological systems usually has been measured by the 
thiobarbitur ic acid reaction, wh ich measures only one indirect decomposit ion product, 
M D A . Wh i le there exist a large number o f methods for measurement o f peroxides 
(Swern, 1961), these methods are often non-specific for hydroperoxides and are 
relatively insensitive. However, a better appreciation might be expected w i th assays 
performed on other degradation products such as arrachidonic metabolites, diene 
conjugates, and hydroperoxides. 
196 
1 
I n this study, the fluorescence spectrophotometer assay o f M D A fo l l ow ing its 
reaction w i t h T B A was used to measure l i p id perodixation. A lso G S H peroxidase 
coupled to G S H reductase was used to assay for hydroperoxides. The latter assay 
can be used w i t h a variety o f solvent systems and can detect hydroperoxides easily 
and speci f ical ly. ‘ 
4.2.1 Method for measurement of the cord plasma MDA 
Lipoperox idat ion is a biochemical process shared by several di f ferent 
phenomena, either physiological or pathological (Hal l iwel l , 1989; Richard et al., 
1991). The detection o f a n oxidat ion process o f polyunsaturated fatty acids in vivo and 
the assay o f secondary molecules released require the development o f quantitative 
methods that satisfy the fundamental analytical criteria o f intra- and inter-assay 
precision, sensit ivity, specif ici ty , and accuracy. The T B A test is the method most 
often used to quanti fy l ip id peroxidation. 
The intra- and inter-assay precessions o f the method in this study are 
satisfactory, w i th their coeff icient o f variat ion in a range o f 1.3-1.4% and 3.4- 4.3%, 
respectively. The l inearity displayed by measuring standard solutions was excellent in 
the assay range that corresponded to plasma concentrations. The advantages o f using 
this method for assaying biological samples when monitor ing patients is pr imar i ly the 




reported l imi tat ions o f t h e i r f luorometr ic method w i th analytical recoveries o f 5 5 % to 
61%, the recovery in this study is 87.5-97.8%. 
The a im o f using an antioxidant in the assay is to l im i t the phenomenon o f in 
^ i t ro peroxidation. This can also be controlled*by using reagents and materials that do 
not contain measurable quantities o f iron. The use o f chelators such as E D T A to 
prevent any peroxidation result ing f rom traces o f iron raises the problem o f the 
paradoxical role o f i ron (Ha l l iwe l l and Gutteridge, 1986); thus, the use ofant iox idants 
is preferable. When appropriate material is used and methodology is strictly applied, 
B H T has no signif icant effect on the determination o f T B A R S . This could explain the 
excellent inter-assay precision of the method, provided lhe control of environmental 
variables is wel l-codif ied. 
M D A can act as a nucleophil ic or electrophiIic compound, its reactivity is such 
that it can non-specifically and covalently bind various biological molecules in the 
samples (proteins, nucleic acids, aminophospholipids, e/c.) (Kn igh l and MacClel lan, 
1988; Janero, 1990). The response o f the T B A test is thus both a function o f the 
conditions o f hydrolysis o f these complexes (pH, type o f acid, temperature) and the 
conditions o f M D A - T B A adduct formation O^air et al., 1986; Hackett et aL, 1988; 
Janero, 1990). In addition, whenever the measured values exceed 10 f_imol/L {e.g., in 
vitro peroxidation studies, patients treated wi th bleomycin), lhe sample should be 
diluted. 
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The values o f T B A R S measured f luoromet r i ca l l y are higher than those 
obta ined by H P L C , i n agreement w i t h prev ious results (Kn igh t et cd., 1987; W o n g et 
a/., 1987). The nonselect iv i ty o f the der ivat isat ion react ion thus must be taken in to 
considerat ion, because other terminal aldehyde compounds , A lk -2-ena ls , a lka-2,4-
dienals，and hydroperox ide funct ions fo rmed dur ing the decomposi t ion o f l i p i d 
peroxides can also f o r m compounds s imi la r the M D A - T B A addiict (Kosug i and 
Kikugawa，1989) . The f luoromet r ic assay can be considered an overal l method that 
measures al l o f t h e compounds generated dur ing l i p id peroxidat ion. I t thus measures 
the extent o f t o taMip id peroxidat ion. 
Th is s imple, rapid, reproducible, and sensitive assay is adapted to screening 
patients w h o may be subjected to ox idat ive stress. I t can be adapted by laboratories 
for the rout ine mon i to r ing o f their patients. F luorometry remains necessary to prevent 
possible interference by molecules such as glucose (B i rd and Draper, 1984) or 
b i l i r ub in (Okawa et al., 1979). Because the lack o f specif ic i ty o f the T B A react ion 
could lead to misinterpretat ions o f increased l ip id peroxidat ion in studies o f human 
disorders, the more-speci f ic H P L C methods should be used to con f i rm in vivo l i p i d 
peroxidat ion. However , aside f rom the special equipment needed and the l im i ta t ion o f 
detector sensi t iv i ty, considerable t ime is required for the H P L C methods. The ease o f 
use o f this method， the ab i l i ty to simultaneously process many derivatised samples, 
and the rapid i ty w i t h wh ich the derivat ive, once formed, can be quanti f ied are 
practical reasons support ing the use o f the f luorometr ic assay in screening and 









4.2.2 Method for measurement of the cord plasma OHP 
The enzyme glutathione (GSH) peroxidase catalyses the reaction given below: 
2 G S H + ROOH ~> GSSG + ROH 
where R O H is the alcohol corresponding to the hydroperoxide, ROOH, and GSH and 
GSSG are reduced and oxidised glutathione, respectively. To measure this reaction, 
GSSG is reduced by N A D P H via GSH reductase. The sensitivity o f t h e coupled assay 
is high, since the ext inct ion coefficient o f N A D P H is high. 
Since GSH peroxidase reacts w i th both organic hydroperoxides and hydrogen 
peroxide, the solution to be assayed is incubated wi th catalase to remove hydrogen 
peroxide prior to the addit ion o f the GSH peroxidase. Since the total amount o f 
N A D P H oxidised is a measure o f the hydroperoxide present and the oxidation o f G S H 
can be relatively rapid, the assay fol lows a t imed sequence and must always be 
compared w i th a control without hydroperoxide. 
Measurements o f tert-butyl hydroperoxide was shown in Figure 3.2, the 
concentration o f the tert-butyl hydroperoxide values ranging from 0-80 ^mo l /L . For 
hydrogen peroxide, reaction with catalase completely destroys hydrogen peroxide in 
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peroxide. The absorbance o f the unreacted N A D P H in blanks and the test systems 
w i t h catalase are 0.313±0.005. 
I f an amount o f hydroperoxide is added that is greater than the amount o f 
_ l *" 
N A D P H present (10 mol ) , the assay w i l l not y ield an accurate value. However, 
more N A D P H can be added, fo l lowed by a short incubation period to convert the 
remainder o f the GSSG to GSH. In addit ion, the t iming o f the tesl begins at this 
point. Under nomia l circumstances, an interval o f 2 min should be al lowed for the 
handl ing o f each tube. 
4.2.3 Relationship between the fetaI asphyxia and lipid peroxidation in cord 
plasma 
In 1969 McCord and Fridovich discovered an enzyme specific for the calalytic 
removal o f the superoxide radical (McCord and Fridovich, 1969), which was found to 
be distributed throughout all mammalian cells. This has led to extensive work 
relating free radical species to a wide range o f cellular damage in biological systems. 
Free radicals are now implicated in a vast spectrum ofdisease processes. 
Free radicals are produced mainly by univalent, biochemical redox reactions 
involv ing oxygen. Because o f their high reactivity it is often di f f icul t to detect free 
i radicals in vivo, particularly in biological systems. Polyunsaturated fatty acids, 
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proteins, D N A and carbohydrates are al l susceptible to free radical attack, par t icu lar ly 
by the hyd roxy l radical. Loss o f cel l membrane unsaturated fatty acids, format ion o f 
l i p i d peroxides, and oxygen uptake by l i p id preparations are indicat ive o f 
peroxidat ion. The h igh ly reactive free radicals o f oxygen also attack membrane 
phosphol ip ids and act on unsaturated fatty acid to produce l ip id peroxides. 
Peroxidat ion o f f a t t y acids containing three or more double bonds w i l l produce M D A . 
The presence o f this ox idat ion by-product can be measured w i l h T B A w h i c h 
correlates w i t h the extent o f l i p i d peroxidation. 
I n this study, the umbi l ica l arterial and venous levels o f both M D A and O H P 
correlated wel l . As for the arterial-venous difference o f M D A , it is statistically 
signif icant, but the dif ference is small. There was no arterial-venous difference for 
OHP. The reason for the fai lure o f lhe placenta to clear lhe l ip id peroxides is unclear, 
since good placental funct ion was demonstrated by the blood gas results. It may be 
that the placenta was producing l ip id peroxides as were the fetal tissues dur ing 
del ivery. The placenta might also be more effective in the removal o f M D A than its 
OHP precursors. 
Signif icant ly higher umbi l ical arterial M D A and OHP was found in acidaemic 
I cord blood samples than in non-acidaemic samples. Arterial M D A and its arterial -
venous difference had signif icant negative correlation wi th pH, positive correlation 
w i th pCO2, but arterial M D A alone had signif icant negative correlation wi th pO2. 
I Such associations indicate the possibil i ty o f higher production o f l ip id peroxides 
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dur ing del ivery in the presence o f acidaemia. Increased l ip id peroxidat ion may be a 
direct result o fenhanced oxidat ive act iv i ty o f o x y g e n free radicals. 
- • - . 
Abnorma l F H R patterns are usually present in association w i th acid-base 
abnormali t ies. However , cardiotocography frequently indicates fetal distress in the 
presence o f normal fetal acid-base status. Myocard ia l ischaemia and reperfusion is 
k n o w n to induce oxygen free radical generation and result in increased levels o f l i p id 
peroxides (Werns et al., 1986; Davies et al., 1990). Whether the increased M D A and 
OHP levels in our study patients were due to repeated myocardial ischaemia and 
reperfusion events or were a manifestation o f a more generalised impairment o f the 
vasodi latory reserve is not known. The fetal electrocardiogram and cardiotocogram 
in these patients were recorded continuously during labour. The relationships 
between fetal cardiac dynamic patterns and umbi l ical cord artery pH, l i p id 
peroxidat ion in cord blood, or cord plasma purine and pyr imid ine metabolites are 
discussed in the later section. 
4.3 Purine and pyrimidine metabolites in cord blood at birth 
Purine and pyr imid ine deoxyribonucleosides l inked through phosphodiester 
bridges fo rm the backbone o f the human genome. Purines play a crucial role in 
v i r tual ly all biological processes. They are o f prime importance to human as the 
- source o f cellular energy, A T P and , together w i th pyrimidines, are the bui ld ing 
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blocks o f t h e D N A and R N A w h i c h store, transcribe and translate genetic in format ion. 
Cel lu lar purines are general ly derived exclusively f rom endogenous sources and in 
normal circumstances dietary purines make no contr ibut ion to this. The normal end-
product o f pur ine metabol ism in human is uric acid. 
Intrapartum asphyxia is a pr incipal cause o f perinatal morb id i ty and is usual ly 
the cause o fobste t r ic intervent ion (Paneth and Stark, 1983). Asphyx ia can be def ined 
at the molecular level: it is a fai lure o f energy supply, suff icient to cause cel lular 
damage. As the energy currency o f cells is the purine nucleotide adenosine 
tr iphosphate (ATP) the def in i t ion is A T P depletion suff icient to cause irreversible or 
par t ia l ly reversible cel lular damage. A T P is confined to l i v ing cells but its deplet ion 
can be measured in extracellular f lu ids when the output o f hypoxanthine f rom tissues 
. 
into b lood, urine, amniot ic f lu id and cerebrospinal f lu id increases. Mechanisms and 
quantitat ive associations between concentrations o f the central intermediate in purine 
metabol ism, hypoxanthine, and tissue energy supply have been established (Bejar et 
aL, 1983; Harkness and Lund, 1983; Harkness et al” 1983a; Harkness et cil., 1983b; 
lev in et al,, 1984). The association between A T P depletion and subsequent tissue 
damage is more d i f f icu l t to quantify (Kloner et al., 1974; Warnick and Lazarus, 
1981). The transitions between stages o f the sequence o f events in intrapartum 
asphyxia can be independently controlled. It is obvious that predisposing causes l ike 
the factor(s) causing fetal growth retardation need not be associated wi th asphyxia i f 
compensatory mechanisms l ike increased haemoglobin synthesis, and more acutely, 
I 
i fetal tachycardia are adequate to ensure oxygen delivery. I f cord occlusion has 
[. 
[：. 
occurred then decompensation wi th asphyxia (fetal ATP depletion) might occur. A T P 
[ 
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concentrations may recover, especially i f t h e r e is early obstetric intervention. I f A T P 
deplet ion is severe and pro longed tissue damage may occur. The infant may then die 
or may complete ly recover f r om the tissue damage; more rarely, some permanent 
defect may be sustained. 
Fetal hypox ia is usual ly assessed either by cl inical symptoms, for example 
fetal heart rate deceleration, or by biochemical changes such as a decrease o f pH. 
Est imat ion o f r a p i d l y reversible parameters on blood samples gives an inadequate idea 
o f the degree o f hypoxia since they may be normal at the t ime o f sampling between 
protracted periods o f hypoxia. A more useful index o f hypoxia wou ld be a value 
wh i ch remains altered for some t ime after restoration o f normal p〇2, Hypoxanthine , 
a degradation product o f red cell ATP , accumulates in plasma dur ing hypoxia and , 
f o l l ow ing reoxygenation, only returns gradually to basal levels. Plasma hypoxanthine 
coi i ld therefore be a useful index o f intrauterine hypoxia during or after labour. The 
level o f plasma hypoxanthine has been determined by two methods, the first one 
described by Saugstad (1975b) using a pO2 electrode and the second a direct method 
using HPLC. The latter method was used in the present study. The use o f H P L C 
permitted a rapid determination on microquantit ies o f blood. The micromethod is o f 
potential interest for determining hypoxanthine in small quantities o f scalp vein b lood 
samples dur ing labour. One ofobject ives o f the present study was to discover i f t he re 
was any correlation between plasma hypoxanthine levels and cl inical and biochemical 
parameters o f hypoxia. 
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There is now a large body o f l iterature demonstrating that hypoxanthine is a 
more specif ic measure o f hypoxia than lactate base deficit, or p H and it reflects the 
intracellular energy status. One group o f investigators recently suggested that 
hypoxanthine should serve as the new "go ld " standard for hypoxia. More important ly, 
evidence is accumulating that hypoxanthine is a better predictor o f hypoxic sequelae 
than other biochemical variables. More prospective studies are needed to conf i rm this 
association. 
Metabol ic changes in the compounds involved in purine and pyr imid ine 
metabol ism can be rapid despite extensive regulation o f the metabolic networks that 
are involved (Murray et al., 1970). Ideally, methods for the study o f purine 
metabol ism should provide information on all lhe interrelated compounds in a sample 
(Fox and Kel ley, 1978). A l though this is not yet practicable in one chromatogram, by 
using H P L C two sets o f conditions can separate many o f the compounds involved. 
Purines, pyrimidines and their nucleosides can be separated on reverse-phase columns 
and determined by using sensitive U V detectors. Xanthine, inosine, uridine and uric 
acid were also measured in cord blood. 
j 
i 4.3.1 Limitations imposed by thc techniques uscd 
I 
i 
1. B lood must be fresh, unhaemolysed, and all extracts prepared as soon as 
possible. The acid used in deproteinisation must also be back-extracted immediately. 
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I t is very impor tant to have a homogeneous cell populat ion and avoid contaminat ion 
o f red cells and lymphocytes. 
2. Pi t fa l ls experienced in the appl icat ion o f the H P L C method to human 
b io log ica l f lu ids include the simi lar chromatographic characteristics (strongly retained 
and simi lar retent ion and 280/254 n m ratios) o f m a n y adenine-based compounds. 
3. A l l water used for substrates, standards, and buffers must be fresh, double 
dist i l led f rom glass and stored in glass containers for all H P L C work. Plastic must 
never be used for reagent and water storage or for sample preparation. Glass or 
polypropylene is essential. Spurious U V - absorbing peaks may also be present in 
samples collected into E D T A or f rom T C A not removed completely by ether 
extraction. The diethyl ether used to remove T C A must be water saturated, otherwise 







4.3.2 Relationship between the fetal asphyxia and purine and pyrimidine 
metabolites in cord plasma 
Hypoxanthine level rises in hypoxic tissues both because o f increased 
catabolism o f A T P and a decrease in the r ibosylphosphorylation o f hypoxanthine to 
inosine monophosphate through the salvage pathway (Harley et al., 1978; O 'Connor 
et aL, 1981). As tissue uptake is dependent on ATP concentration and uridine kinase 
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act iv i ty , higher levels o f ur id ine might be found when oxygen deplet ion occurs in the 
tissue. Dep le t ion o f oxygen is associated w i t h the catabolism o f energy-r ich pur ine 
nucleotides (e.g., A T P , A D P ) , o f wh ich inosine and hypoxanthine are breakdown 
products. N o r m a l l y 9 0 % o f the hypoxanthine formed is reuti l ised through a salvage 
pathway, however, the rate o f salvage o f hypoxanthine is reduced in hypoxia. 
Saugstad f i rst reported plasma hypoxanthine concentration to be a metabolic marker 
dur ing hypox ia in experimental animals. He also demonstrated a constant and s low 
decrease o f this concentrat ion fo l l ow ing a period o f fetal hypoxia, and proposed that 
hypoxanthine measurement could be used for estimation o f past episodes o f hypox ia 
in the new-born infant (Saugstad , 1975a). However, the use o f hypoxanthine and 
xanthine levels in body fluids as an indicator o f oxygen deficiency remains 
controversial. The range o f hypoxanthine concentrations in umbi l ical cord plasma o f 
asphyxiated new-born infants was reported by L ipp-Zwar len et al. (1983) to be broad, 
and overlapping w i t h values obtained f rom umbi l ica l arterial and venous blood in 
infants not suffer ing f r om asphyxia. O 'Connor et al. (1981) reported in i t ia l ly that 
hypoxanthine and other purine and pyr imid ine metabolite concentrations in umbi l ica l 
cord plasma provided neither a clear dist inct ion between hypoxic and wel l -
oxygenated infants nor a quantitative measure o f the degree o f hypoxia sustained. 
They concluded that although mean concentrations o f hypoxanthine, xanthine, 
inosine and uridine were signif icantly raised in the cord plasma o f infants w i th 
presumptive evidence o f intrauterine hypoxia, the overlap w i l h the normal range 
j 
I 
makes their measurement cl inical ly unreliable for the diagnosis o f hypoxia in any 
indiv idual. However, subsequent studies by this group found that both hypoxanthine 
and xanthine can be useful indications o f prenatal asphyxia and neurological damage 
I • 
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(Harkness et aL, 1982; La ing et al., 1988). S imi lar ly , hypoxanthine and xanthine 
levels have been shown to rise s igni f icant ly in acute myocardial infarct ion and other 
ischaemic diseases ( K o c k et aL, 1994). 
In this study, the mean umbi l ica l arterial hypoxanthine concentration in the 
acidaemic infants (17.47 ^ imol /L) was higher than that in non-acidaemic infants 
(13.66 f imo l /L ) , but the dif ference was not statistically signif icant. There was also no 
signif icant correlation between hypoxanthine concentration and pH in umbi l i ca l 
arterial blood. I t appears that f luctuations o f plasma hypoxanthine levels are a 
consequence o f phenomena other than hypoxia as neither arterial nor venous cord 
b lood concentrations mirrored changes in acid base status. 
In contrast, umbi l i ca l arterial xanthine and uridine levels were s igni f icant ly 
higher in acidaemic than in non-acidaemic samples, suggesting that these two 
parameters might be useful to evaluate intrauterine hypoxia. Ar ler ia l xanthine and 
ur idine had a signif icant negative correlation w i th p H and BE (/)<0.001-0.01), and 
posit ive correlation w i t h pCO2 0^<0.001-0.01). A possible explanation is the 
breakdown o f guanine nucleotides to xanthine, via guanine deaminase, may be 
increased during hypoxia. The significant arterio-venous difference in xanthine and 
uridine concentrations in cord blood may indicate placental uptake. The experiments 
j 
i 
1 o f Hayashi et al. (1972), using rats, suggested that there were greater amounts o f 
pyr imidines crossing the placenta f rom mother to fetus than purines. Al ternat ively, 
uridine may rise as a result o f the breakdown o f uridine nucleotides and their 
I . 
1 
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conjugates, w h i c h are present in h igh concentrations in rapidly d iv id ing tissues. 
Cyt id ine nucleotides are also degraded to uridine. In addit ion, there is a large poo l o f 
labi le ur id ine and pur ine nucleotides present as R N A . 
4.4 Computerised analysis of CTG 
Pregnancy outcome is t radi t ional ly assessed by weighing the baby, at t r ibut ing 
Apgar scores at bir th, measuring cord artery blood gases, and carrying out neonatal 
gestation and neurodevelopmental scores. The main purpose o f fetal mon i to r ing 
dur ing labour is to detect the fetus compromised by labour and in danger o f poor 
neonatal and long term outcome (Di jxhoorn et al, 1986; Steer et al., 1989; Wink le r et 
al., 1991). 
I 
Fetal distress is the diagnosis o f advancing fetal hypoxia which, i f uncorrected, 
w i l l produce fetal damage or, ul t imately, fetal death. Hypoxia proceeds rapidly in 
I 
I labour, and relatively s lowly during pregnancy, but the signs that appear on F H R 
tracings are identical in both situations (Maeda, 1990). Continuous fetal bradycardia, 
I the loss o f base-line var iabi l i ty , late decelerations and severe variable decelerations 
i 
are al l signs o f fetal hypoxia which can be discerned by visual inspection o f the 
cardiotocogram. Cl inical studies have confirmed a decrease in the incidences o f 
neonatal asphyxia, neonatal respiratory distress and meconium aspiration syndrome, 
along w i th the disappearance o f unexpected fetal death, and a decrease in perinatal 
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mor ta l i t y after in t roduct ion o f convent ional cardiotocographic diagnosis and treatment 
o f fetal distress (Tsuzaki et aL, 1990). 
Antepar tum fetal heart-rate (FHR) records have been advocated as a means o f 
assessing fetal we l l -be ing in i i tero (F lynn and Ke l l y , 1977; Visser and Huisjes, 1977). 
Basel ine var iabi l i ty , F H R accelerations w i t h fetal movements and decelerations 
associated w i t h contractions are the main features examined. Attempts have been 
made to correlate these scores w i t h the condi t ion o f the fetus in terms o f its response 
to cord b lood pH, distress in labour, Apgar score at delivery, and perinatal survival 
(Devoe 1980; Mendenhal l et al., 1980; Keane et aI., 1981). 
The strategy for antepartum fetal surveillance should be to use tests that 
rel iably provide early indicators o f fetal distress wi thout subsequent neonatal damage 
(Visser et cd., 1981;Keegan, 1987; Porto, 1987; Schneider et al” 1988). The passive 
test (non-stress test) has been used extensively for this purpose and has been a useful 
pre l iminary screening test (Keegan and Paul, 1980; Visser et aL, 1981; Devoe et al” 
1985). However, lack o f standardisation and mult ip le testing protocols as wel l as 
problems arising f rom visual analysis have indicated a need for computerised analysis 
o f CTGs (Dalton et al” 1986; Devoe et al, 1988; Searle et (d., 1988). Computerised 
quanti f icat ion o f F H R should contribute to the detection o f fetal distress in cl inical 
obstetrics. 
Large studies o f electronic fetal monitor ing in labour, in the low risk 
populat ion have shown only a marginal benefit in preventing early seizures (and by 
I 
j 
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impUcat ion poor perinatal outcome) (MacDona ld et “ / . , 1985) and no benefit for those 
babies who subsequently develop cerebral palsy (Grant et aL, 1989). 
Interpretat ion cri teria for CTGs vary w ide ly and the performance o f the test is 
relat ively standard. In this study, we described the parameters wh ich are used in our 
computerised system in the interpretation o f antepartum CTGs. We also demonstrated 
the data related to these parameters w i th further comment. 
4.4.1 CTG patterns and cord blood acid base balance 
i 
j 
I The fetal response to labour is an acute adaptation to the intermittent 
I 
interruptions o f maternal fetal oxygen transfer wh ich affects dif ferent fetuses to 
d i f fe r ing degrees. The umbi l ica l artery p H represents the f inal result o f a complicated 
series o f effects upon fetal oxygenation (uteroplacental perfusion, placental gas 
transfer, intensity and frequency o f contractions, duration o f labour, umbi l ica l 
perfusion) and fetal physiological response to hypoxaemia (abi l i ty to vasoconstrict 
their peripheral circulation, the degree o f glycogen and fat stores capable o f anaerobic 
metabolism). Umbi l ica l vein p H values indicate the abi l i ty o f the placental circulat ion 
to "correct" the fetal arterial blood gas and p H values and are the best measure o f 
oxygen supply to the fetusjust before delivery (Spencer, 1993b). 
The diagnosis o f acute fetal distress is very commonly made. When correctly 
made, i t is the consequence o f fetal deprivation o f oxygen in a short span o f t i m e , late 
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decelerations being the classic manifestat ion o f this situation. Acute fetal distress is 
f requent ly diagnosed when these late decelerations are observed and before the fetus 
is actual ly in distress. A transient episode o f hypoxia does not constitute distress 
because it may be fo l l owed by complete recovery i fappropr ia te measures are taken to 
improve oxygenat ion o f the fetus. When the hypoxia is uncompensated, there occurs 
a steady drop in oxygen avai labi l i ty , wh ich forces the fetus to resort to its anaerobic 
metabol ism pathway, and a rapid increase in the product ion o f acids, wh ich depletes 
the fetus' buf fer bases. 
The aetiology o f this decrease in oxygen avai labi l i ty is extremely varied. It 
has been inappropriately labelled uteroplacental insuff ic iency suggesting that 
I placental funct ion is inadequate. What in fact happens is that the supply o f 
I 
； oxygenated b lood to the intervi l lous space ( IVS) is diminished, wh ich o f course has 
nothing to do w i t h the abi l i ty o f the placenta to exchange oxygen and carbon dioxide. 
The two most frequently observed causes o f this decrease in blood supply to the I V S 
are signif icant hypertensive syndromes and iatrogenic hypotension (over-vigorous 
administrat ion o f antihypertensive medications and conduction anaesthesia). A third 
common et iologic factor is iatrogenic hypercontracti l i ty caused by overenthusiastic 
use o f oxy toc in to stimulate the uterus. True acute placental insuff ic iency occurs 
when abruptio placentae develops, w i th progressively increasing numbers o fp lacenta l 
cotyledons becoming nonfbnctional, and therefore, despite o f good maternal b lood 
oxygenation, oxygen exchange to the fetus is severely curtailed. These cl in ical 
condit ions manifest as late decelerations and, as soon as they progress toward 
homeostasis derangement, changes in the baseline are seen. The first abnormality to 
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： occur is progressive tachycardia, followed shortly thereafter by f ixed baseline 
(d iminished variabi l i ty) . In cases where there is no resupply o f oxygen to the fetus 
there w i l l be a sustained deceleration w i th bradycardia, wh ich mav become terminal 
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unless rapid therapeutic measures are taken to correct the situation. Corroborat ion o f 
the diagnosis may bc obtained by sampling felal capil lary blood f rom tlie presenting 
part and testing the pH. These extreme changes in blood p H are generally expressed 
in the FHR tracing by tachycardia o f variable level and a f ixed baseline (Boehm, 
1990). 
Fetal heart traces in the second stage o f labour are more often inadequate or 
uninterpretable especially i f external Doppler fetal monitor ing is used (Stewart, 1984; 
Grant, 1988). We attempted to rectify this by defining 12 types o f FHR pattern wh ich 
have particular associations w i th fetal outcome. We found that FHR patterns types 
A—dec and P_epdec, were associated w i th a significant fal l in arterial p H (p <0.05) 
and A-dec, N-dec and P-epdec wi th a corresponding rise in pCO2 O")<0.01-0.05), 
N_cont was associated w i th a significantly correlation in p H and BE (/)<0.05). 
P_epdec was signif icantly correlated w i th O2 saturation. However, we found no 
signif icant differences between the other FHR patterns types and pH, pO2, p C O 2 , 
HCO3 and BE levels. In our study the fetuses w i th acidaemia had a signif icantly 
higher mean value o f A_dec and P_epdec compared wi th non-acidaemic fetuses (p < 
0.01), yet they were born in good clinical condition. 
These data suggest that the acute markers o f the fetal conditions are correlated 
w i th fetal acid-base status at the time of testing including p H and other acid-base 
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parameters. These observations, in combinat ion w i th the much lower p H and p〇2 
levels that were observed in fetuses, wou ld suggest that hypercapnia is a relat ively late 
event in the development o f antepartum intrauterine asphyxia. Hypoxaemia is 
considered to be the main cause o f F H R decelerations (De Haan et aL. 1981). A n 
association between F H R decelerations and l ow oxygen partial pressure in umbi l ica l 
cord b lood was conf i rmed by our results. 
The relat ion between the F H R pattern and fetal condi t ion at bir th found in this 
study conf i rms the cl in ical problem al lhough there is a correlat ion between an 
abnormal F H R and a decrease in fetal pH. However, they point out the requirement 
for a further system o f fetal assessment. 
4.4.2 CTG patterns and cord blood biochemical parameters 









I in utero and perhaps some hypoxic complications o f the neonate related to intrauterine 
j 
••[ 
j asphyxia. Perinatal asphyxia, although a major cause o f neonatal mortal i ty and 
i 
i 
morb id i ty , is a poorly defined condition. There is a need for specific biochemical 
. i 
I 
indicat ion o f the degree o f asphyxia. Concentrations ofhypoxanth ine and base excess 
i •！ \ 
•* 
i i n b lood are elevated in conditions other than hypoxia, and oxygen levels in blood are 
too transient to provide reliable informat ion about prolonged asphyxia. 
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Because fetal asphyxia is the common end pathway to fetal death in many 
high-r isk pregnancies, it is reasonable to investigate the l ipoperoxidation, purine and 
pyr imid ine metabolites to detect the degrees o f hypoxic damage. This study was to 
investigate the relationship between the FHR patterns and these biochemical 
parameters. 
F H R moni tor ing being the standard method for the assessment o f fetal status 
dming labour, is very sensitive in detecting fetal acidosis but suffers f rom low 
specif ici ty leading to false alarms and unnecessary interventions. Even in the 
presence o f severe FHR changes, only 23% o f the general population and 48% o f the 
high r isk populat ion have metabolic acidosis (Low et al., 1981). Our study 
demonstrated a clear relationship between the FHR patterns and the disturbances in 
the biochemical parameters. There was significant correlation between contractions 
and OHP (^<0.05)，decelerations or contractions and uridine (p< <0.01-0.05). 
The heart is dependent on aerobic metabolism for energy production. When 
coronary arterial f low is reduced to the point that insufficient O2 is available lbr 
oxidative phosphorylation, the myocardium becomes ischaemic (Jennings, 1970). 
A l though most o f the acute biologic changes induced by ischaemia occur because o f 
I 
I the absolute deficiency o f O2, ischaemia cannot be equated w i th h igh- f low anoxia or 
hypoxia, where oxygen deficiency is produced by removing O2 f rom the perfusion 
without reducing the coronary f low rate. The absence o f arterial f low during 
ischaemia abolishes substrate delivery and prevents eff lux o f metabolic end products. 
By acute asphyxia, several fetal compensatory responses, including redistribution o f 
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blood and anaerobic metabolism, w i l l be activated to protect the fetus (Jones and Wi i , 
1985; Parer, 1985). The good condit ion o f the new-borns judged by Apgar score at 5 
m i n o f age, is an indicat ion that the fetuses were delivered prior to the occurrence o f 
severe decompensation. ‘ 
In the presence o f free radical initiators and oxygen, unsaturated fatty acids 
undergo oxidat ive fragmentation by a chain reaction to form l ip id hydroperoxides and 
a variety o f secondary metabolites (Kagan, 1988; Gutteridege and Hal l iwe l l , 1990). 
L i p i d hydroperoxides are formed in all organisms, and they are l ikely to be involved 
in a number o f physiological processes (Kagan, 1988). The problem o f relating any 
biochemical measure o f hypoxia to the cl inical state o f the human fetus rests on the 
extremely variable degree, duration and t iming o f hypoxic episodes. Prolonged and 
I gross oxygen lack w i l l obviously lead to both major biochemical effects and cl inical 
i I 
j 
I impairment but less severe hypoxia which occurs sometime before delivery may 
produce an infant w i th moderate cerebral depression in whom biochemical changes 
have reverted to normal. Conversely, a short hypoxic episode just before delivery 
may produce biochemical disturbances in cord blood without any associated cerebral 
depression. 
The biggest problem in evaluating the use of continuous FHR monitoring has 
been deciding upon the outcome criteria by which to judge its potential value. FHR 
changes do not correlate wel l w i th either fetal p H during labour or Apgar scores at 
delivery, wh ich is not surprising since low fetal pH (umbil ical artery at delivery) i tself 
does not correlate wel l w i th low Apgar scores (Sykes et aL, 1982; Di jxhoorn et al., 
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1986). Nei ther o f these parameters per form we l l at predict ing neonatal neurological 
morb id i t y ( D i j x h o o r n et al., 1986) or perinatal brain damage (Ruth and Raiv io, 1988) 
and so i t is not surpr is ing that intrapartum events, suggestive o f transient hypoxia, 
bear no s igni f icant relat ionship to subsequent neurodevelopmental outcome ( L o w et 
a/.，1981; Painter et al., 1988). In fact, a fo l low-up study suggested that fetal 
acidaemia at b i r th indicated an abi l i ty to respond appropriately to intrapartum hypox ia 
as judged by the long term outcome (Dennis et al., 1989). Continuous F H R 
mon i to r ing has been shown to signif icant ly reduce the incidence o f neonatal seizures 
but not the incidence o f subsequent cerebral palsy (Grant et al., 1989). 
I 
The t im ing o f perinatal hypoxia brain damage is variable and often unknown, 
j 
as is the tissue o f or ig in o f the metabolites. Because o f physiological protective 
mechanisms to asphyxia, including redistr ibut ion o f blood f l ow (Rudolph et aL, 
1981), the organs o f the body are affected to a different extent. Therefore, increased 
plasma concentrations o f products o f anaerobic metabolism indicate that some organ 
(s) o f the body have been subjected to hypoxia, but no conclusions can be drawn 
about the state o f the central nervous system. We believe that this prel iminary 
investigation w i l l create a base for oiir future studies. Further investigations and 
collaborations are necessary in this field. 
4 
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4.5 Intrapartum complications 
The assessment o f fetal condi t ion dur ing labour is compl icated because 
indicators o f ‘ ‘ fetal distress" are wide ly used hi c l in ical practice far more often than 
the end points o f death or handicap (Steer, 1985). Tradit ional descriptions o f infants 
born i n poor condi t ion at birth, for whatever reason, as having “asphyxia，，（Todd, 
1963), and subsequent demonstration that hypoxia and acidosis in labour can be 
associated w i t h neonatal depression (Dawes, 1968), lead to the widespread bel ie f that 
poor condi t ion at b i r th could be equated w i t h hypoxia and acidosis (Towel I , 1976; 
Addy , 1982). However , in a study at St. Mary ' s Hospital (London) in 1983, more 
than ha l f o f 56 infants o f more than 31 weeks' gestation requir ing resuscitation by 
intubat ion and vent i lat ion had no evidence o f hypoxia or acidosis on cardiotocograph 
i or on cord b lood gas analysis (Lissauer and Steer, 1986). Other factors associated 
I 
j w i t h poor condi t ion at del ivery included meconium stained amniot ic f lu id, nuchal 
！ i 
1 
I cord, length o f the second stage and low weight for gestational age. 
i 
丨 We therefore conducted a prospective study o f the relationships between 
I 
I 
meconium stained amniotic f lu id, nuchal cord and length o f second stage, w i t h the 
outcome measures Apgar scores, cord acid base balance, free oxygen radical act iv i ty 
and purine or pyr imid ine metabolism. 
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4.5.1 Meconium stained amniotic fluid 
Mecon ium is the product o f gastrointestinal secretions, swal lowed amniotic 
fluid, and the mucosal cells shed f rom the lower gut o f t h e fetus. In approximately 8 
to 15% o f a l l pregnancies, this material passes into the amniotic f lu id before or dur ing 
labour, or at the t ime o fde l i ve ry . The primary concerns regarding meconium-stained 
amniotic f lu id have been the subject o f extensive study and are directed at 2 major 
issues, the significance o f meconium as a sign o f fetal distress/hypoxia and the 
prevention o f short- and long- term sequelae such as meconium aspiration syndrome 
and meconium pneumonitis. 
Mecon ium passage w i th normal amniotic fluid volume may be a physiologic 
event for the term fetus (Gregory et al., 1974), but w i th increasing gestational age or 
decreased placental perfusion and chronic fetal hypoxia, oligohydramnios results; and 
meconium passage in such circumstances results in thick meconium stained l iquor. 
Placental insuff iciency results in redistribution o f fetal blood f low to the vital organs 
and away f rom the kidneys and lungs, causing less urine output and egress o f 
respiratory fluid. Where uteroplacental insufficiency or cord compression leads to 
hypoxia, gasping may occur, al lowing meconium to enter the lungs. Because o f 
decreased lung f lu id outf low, the aspirated meconium fails to clear f rom the 
respiratory tree. Thus, the presence o f thick meconium in early labour would be 
.1 
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expected to be associated w i t h increasing placental insuff ic iency, meconium 
aspiration, and adverse neonatal outcome. 
I t has been suggested that meconium may act as a direct vasoconstrictor o f 
umbi l ica l and placental vessels (Altshuler and Hyde, 1989; Altshuler et cil,, 1992). 
This has been shown in pathologic studies in wh ich both acute and chronic meconium 
staining were associated w i t h an increased risk o f neonatal asphyxia (Altshuler and 
Hyde, 1989). Analysis of the 34 meconium and 111 non-niecoiiium deliveries iii our 
Study, were unable to demonstrate significant differences in blood pH, gas and 
biochemical parameters between the meconium and non-meconium groups. However, 
a larger sample size may detect such a difference. 
The rel iabi l i ty o f FHR monitor ing as a method o f assessing fetal status in 
labours complicated by M S A F assumes crit ical importance, particularly in l ight o f 
several studies documenting an increased risk o f FHR abnormalities in these labours 
(Meis et al., 1978; Mi tchel l et al., 1985). The belief that M S A F was an independent 
indicator o f fetal distress was first challenged by Fenton and Steer in 1962. They 
analysed the perinatal mortal i ty rate o f 345 pregnancies complicated by M S A F in 
relation to baseline fetal heart rate. Al though a 7.6 per cent perinatal mortal i ty rate 
was encountered in patients w i th M S A F and a FHR under 110, no mortal i ty was seen 
in those patients w i th M S A F and a FHR o f between 110 and 180, prompting these 
authors to suggest that the presence o f meconium should not be taken as evidence o f 
fetal distress when accompanied by a normal FHR. 
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Dooley et al (1985) found that baseline tachycardia and decreased var iabi l i ty 
were related to a signif icant ly greater incidence o f meconium below the cords. Paul 
and Petrie (1979) reported severe fetal acidosis associated w i th elevated baseline and 
m in ima l var iabi l i ty. In our study, there were no significant difference in FHR patterns 
between the meconium and non-meconium group Q^>0.05). 
Abnorma l F H R patterns accompanying the passage o f meconium have been 
reported to have 3-22.2% perinatal mortal i ty and 7-50% neonatal morbidi ty (Fenton 
and Steer, 1962; Hobel, 1971; Abramovic i et al” 1974). However, several 
investigators have found no association among abnormal tracings, Apgar score, and 
cord blood arterial pH (Miller and Read, 1981; Dooley et al., 1985; Yeomans et 
a/.,1989). Even those works (Krebs et al., 1980; Meis et al., 1982) that have 
correlated meconium w i th abnormal FHR patterns have not consistently related them 
to low Apgar scores. M S A F may indicate fetal compromise and demands scrutiny o f 
other parameters o f fetal status. The presence o f a normal FHR tracing in patients 
with MSAF should reassure the clinician of fetal well-being. Furthermore, the 
foreknowledge of normal antepartum testing predicts a favourable outcome. 
4.5.2 Nuchal cord 
The intrauterine conditions at the end of the pregnancy are not the most 
suitable for the exact localisation ofthe umbilical cord. The amount of amniotic fluid 
decreases after the 32-34th week, and thus there are few echo-free areas around and 
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between the parts o f the fetus. Consequently, f lu id-contain ing areas can be detected 
on ly between the head and shoulders o f t h e fetus in the normal cephalic presentation, 
and most of ten between the lateral wal ls o f t h e uterus and the fetal cervical region. In 
the transverse posi t ion o f the fetal head, the amount o f amniot ic t l i i id between the 
anterior uterine wa l l and the fetal neck is very small. 
Compression o f t h e neck region by the umbi l ica l cord does not only lead to an 
increased resistance against b lood transport into the fetal head but, also venous stasis 
w i t h the possib i l i ty o f the appearance o f cerebral oedema (Walsh and Linclenberg, 
1961). Ar to -Medrano (1970) considered the stasis in the fetal head area in cases o f 
co i l ing o f t h e umbi l ica l cord around the fetal neck a decisive factor for the appearance 
I o f fetal acidosis, based on the assumption that the pressure in the umbi l ica l vessels is 
i 
I 
greater than in the superficial neck vessels, so that the entangled umbi l ica l cord causes 
a decreased circulat ion through these vessels rather than through the umbi l ical cord. 
Simultaneous acid-base balance studies o f blood wi thdrawn f rom the skin o f the head 
and f rom the umbi l ica l arterial blood, demonstrated more signif icant pCO2 increase in 
the head than in the umbi l ica l cord (Bretscher and Saling, 1967). From this he 
deduced that the moderate fetal acidosis in cases o f coi l ing o f the umbi l ical cord 
around the fetal neck was caused by di f fusion o f a c i d metabolites f rom the fetal head 
into the whole fetus. This assumption is in contradiction to the appearance o f 
neonatal depression in cases o f umbi l ical cord encirclement o f l imbs, e.g. around the 
fetal hand (Stembera and Horska, 1972). 
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The frequency o f nuchal cords found in this study was 11.0%. There was no 
association between nuchal cords and maternal age, parity, b i r th weight and second 
stage length. Infant sex was not signif icantly associated w i th nuchal cords, although 
one study d id suggest that more boys were born w i th nuchal cords (Dippel , 1964). 
A l t hough not measured in this study, others have shown that the length o f the 
umbi l ica l cord predisposes an infant to a nuchal cord. The average umbi l ical cord 
length is 50 to 58 cm, w i th the longest reported cord measuring 175 cm (Horwi tz et 
cil, 1964; Rayburn et al., 1981; Soernes and Bakke, 1986). Longer cords tend to 
become looped around the neck (Shii i and Eastman, 1957; Rayburn et ai., 1981). 
Nuchal co i l ing can occur in shorter cords, in which cases the cord tends to be more 
t ight ly wrapped around the infant's neck (Horwi tz et al., 1964; Spellacy et al., 1966). 
The presence o f a nuchal cord in this study was not associated wi th an 
increased frequency o f Caesarean, vacuum, or forceps delivery. Several studies in the 
past have implicated nuchal cords as a cause o f fetal death (Harrar and Buchman, 
•. . . 
1951; Baden, 1955; Diddle and O'Connor, 1957; Bruce ct al., 1978; Mendez-Bauer 
et al., 1987). Harrar and Buchman (1951) reported 14 unanticipated deaths occurring 
in the second stage o f labour due to nuchal cords. In contrast, several authors claim 
that nuchal cords do not increase fetal mortality (Dippel, 1964; Fisher, 1964; Spellacy 
et al., 1966). Shui and Eastman (1957) found a higher fetal death rate in those 
deliveries not involving nuchal cords, and concluded that coiling of lhe umbilical cord 
around the infant's neck was a rare cause o f perinatal death. Horwi tz et al (1964) 
found the neonatal death rate to be 1%, regardless o f the presence o f a nuchal cord. 
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Several studies have shown that cord compression results in reduced blood 
flow to the fetus and subsequent changes in the umbi l ica l artery b lood gases 
(Clemetson, 1953; Bretscher and Saling, 1967; Stembera and Horska, 1972; Weber, 
1981). I f compression is h igh enough to occlude the artery, the fetus is unable to 
exchange carbon dioxide adequately, result ing in hypercapnia and subsequent 
acidosis. Ac idos is is s igni f icant ly more common in new-borns w i th nuchal cords 
(Hankins et al., 1987). This acidosis is o f a "m ixed " (68%) or a pure respiratory 
(230/0) type and is corrected quick ly by prompt venti lat ion o f the new-born. In our 
study there were no signif icant differences in blood p H and gas and other biochemical 
parameters inc lud ing M D A , OHP, hypoxanthine, xanthine, inosine, uridine and i i r ic 
acid levels between the two groups. 
M a n y observers, beginning w i th Bancroft (1947), have shown that complete 
occlusion o f the umbi l ica l cord causes a prompt decrease in fetal heart rate, which is 
variable deceleration in its relationship to uterine contractions. That cord compression 
operates through the vagus nerve to cause deceleration has been shown by obliterating 
the effect w i t h atropine. However, other vagally mediated responses may operate to 
produce the same F H R effect (Hon, 1968). The problem o f partial occlusion has led 
to more varied results. Acidosis, at first respiratory and then metabolic, begins 
prompt ly and increases w i th the duration o f complete occlusion. 
This study investigated FHR patterns involv ing accelerations and 
: decelerations, there were no significant difference in the FHR patterns between the 
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nuchal and non-nuchal groups. As one could expect, malposi t ioning o f the umbi l i ca l 
cord cannot always be equated w i t h cord compression or fetal compromise. The 
converse may also be applicable, that moni tor patterns suggestive o f cord compression 
cannot be explained at the t ime o f del ivery. 
A l im i ta t ion o f the present study was the small sample size, wh ich precluded 
comparison o f certain complicat ions that occur infrequently. Considering the study 
size and the lack o f fetal deaths , it is impossible to conclude that nuchaI cords do not 
increase neonatal morta l i ty or morbid i ty . A mi ich larger study wou ld need to be done 
to determine def in i t ive ly whether nuchal cords are a cause o f neonatal morb id i ty . 
4.5.3 The length of second stage 
The incidence o f prolonged second stage o f labour was reported to be 5% by 
Fr iedman in 1967 and the 8% by Hel lman and Prystowsky in 1952. Af ter the 
introduct ion o f electronic FHR monitor ing, Cohen reported that no statistically 
signif icant relat ion was found between the duration o f the second stage and perinatal 
morta l i ty or depressed Apgar scores in 4,403 nii l l iparous patients (Cohen, 1977). 
A l though the frequency o f maternal morbid i ty (postpartum haemorrhage and 
� infection) appears to rise with increasing duration of the second stage, this effect is 
much less m a r k e d in women who give b i r th spontaneously. Cohen (1977) concluded 
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that the increase in morb id i t y w i t h t ime was entirely due to the greater use o f 
midforceps del ivery in prolonged labours. This component o f the second stage may 
prove to be more important than the total length o f the second stage o f labour. 
However , there is evidence to suggest that the duration o f the active phase o f the 
second stage is relat ively constant irrespective o f when pushing actually begins 
(Maresh etal,, 1983). 
I n this study o f 118 term deliveries, excluding cases w i th Caesarean section in 
1st stage, the length o f second stage o f labour was not signif icantly correlated w i t h 
cord b lood pH, gas and biochemical parameters. There also was no signif icant 
di f ference in the durat ion o f second stage o f labour between the acidaemia and non-
acidaemia groups. I n our unit, a second stage o f labour that is longer than one hour 
for nul l iparous and 30 minutes for mult iparous women. Our results showed that in 
prolonged second stage, the incidence o f metabolic acidosis and hypoxaemia d id not 
increase. This study showed a statistically signif icant difference in duration o f 2nd 
stage between primiparoi is and multiparous women, which agrees w i th other reports 
(Paterson et al., 1992). 
Roemer et al (1976) contended that the second stage should not exceed 45 
minutes for opt imal fetal and neonatal well-being. Katz et al (1987) found that the 
mean umbi l ica l artery p H decreased signif icantly when the second stage lasted more 
； than 30 minutes, but he suggested that further study was required to accurately assess 
the safe t ime l imi ts o f the second stage. The mean theoretical durations o f the f inal 
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stage o f labour calculated f r om our acid-base data are consistent w i t h the above 
values. Close observation o f the f inal part o f t h e second stage is necessary. 
The second stage o f labour is now considered to be a t ime o f r i s k for the fetus 
(Piqi iard et al,, 1980; Alexander et al” 1986; Katz et al., 1987), it has been observed 
i 
I that a longer durat ion o f the second stage is associated w i th an increase o f perinatal 
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morb id i t y and morta l i ty (Hel lman and Prystowsky, 1952). We have therefore 
attempted in this study to analysis F H R patterns in the f inal period o f t h e second stage 
in terms o f fetal hypoxic stress, as measiired by the parameters o f pH, b lood gas and 
biochemical parameters at the moment o fde l i ve ry . The results shown that the A—tach, 
P_eptach, N—epcont and P_epcont were signif icant ly correlated w i th length o f second 
stage o f labour. 
I t is bel ieved that F H R moni tor ing should certainly be done during the whole 
length o f the second stage. The use o f F H R patterns classification in the fmal period 
o f the second stage o f labour w i l l enable the obstetrician to identi fy the fetus that is 
l ike ly to develop acidosis at a more rapid rate than normal. This could lead to more 
t ime ly operative del ivery. 
4.5.4 Apgar scores 
The Apgar scoring system has become established as the method by wh ich 
new-bom babies are assessed at bir th in most countries. Its prognostic value has been 
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assessed (Apgar and James, 1962; Drage et al., 1964; Drage et al., 1966). The 1 m i n 
score is said to have the greater predict ive value for neonatal mor ta l i ty aiid the 5 m i n 
score the greater predict ive value for later neurological abnormalit ies. The predict ive 
values were found to be l imited. 
Myers and Adamsons (1981) have suggested that most forms o f acute 
neurological abnormality of the new-born result f rom severe oxygen deprivation of 
the fetus before del ivery, and they are only infrequently compounded by an asphyxia 
o f t h e nevv-born infant itself. 
W i t h improved resuscitation and neonatal care neonatal mortal i ty is 
considerably less than when V i rg in ia Apgar introduced her scoring system in 1953. 
There are also fewer babies w i th respiratory depression at 5 min. Drage et al. (1966) 
found that 87.3% o f babies w i th a 5 m in Apgar score below 7 d id not have abnormal 
neurological f indings at 1 year and that 1.7% ofbabies born in vigorous condi t ion did. 
Other babies w i t h subtle neurological abnormalit ies due to asphyxial damage not 
apparent on assessment may have been born in a vigorous condit ion in his study. 
V i rg in ia Apgar (Apgar and James, 1962) herself has questioned the predictive value 
o f h e r scoring system. 
Many reported studies o f intrapartum fetal monitor ing have been aimed at the 
prevention o f biochemical asphyxia and have used the Apgar score as their end-point 
for the assessment o f the baby's condit ion at bir th (Sykes et al., 1982). Conversely, a 
lot o f longitudinal studies o f asphyxial damage assessment in infancy have used the 
2 2 9 
1 
Apgar score as their index o f b i r th asphyxia. Considering that the relat ion between 
the Apgar score and the acid-base status is not close some o f t h e conclusions o f these 
studies must be questioned. Whether the umbi l i ca l cord b lood results are o f greater 
predict ive value is yet to be established. A large longi tudinal study is needed. Cord 
b iood analysis is easy and the measurement is objective and reflects the biochemical 
status o f t h e fetus. Routine measurement o f cord bloods at b i r th may represent a better 
approach to the assessment o f the new-born. 
The relationship betvveen fetal heart rate abnormalit ies, acidaemia, and Apgar 
scores was studied. This study showed the 1- and 5 m i n Apgar scores were 
s igni f icant ly correlated w i th cord blood pH, pCO2, xanthine and uridine, and they 
were s igni f icant ly lower in the acidaemia group, as defined by an umbi l ica l arterial 
p H equal or less than 7.20. This study also found 1- and 5 m i n Apgar scores were 
s igni f icant ly correlated w i th P_eptach; 1 m in Apgar score alone was signi f icant ly 
correlated w i t h N—dec and P_epdec; 5 m i n w i th A_tach. The assumption that l o w 
Apgar scores mean asphyxia was so deeply ingrained in medical knowledge at one 
t ime that a low Apgar score was deemed equivalent to asphyxia. It was only the 
correlat ion o f cord blood gas values w i th Apgar scores that led to our understanding 
that l ow Apgar scores could be caused by many different factors other than asphyxia. 
For this reason, it is important to establish the cause o f the low Apgar scores, using 
cord b lood gas values to establish the presence or absence o f asphyxia (Sykes et al, 
1982). 
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L o w Apgar scores indicate only fetal depression or hypotonic i ty , o f wh ich 
there are many causes other than asphyxia. Immatur i ty , anaesthetics or other drugs, 
sepsis, trauma, fetal anomalies, disease o f the central nervous system, or problems 
w i t h resuscitation may cause low Apgar scores in the absence o f asphyxia. Apgar 
scores or ig inal ly were introduced, not as a method o f diagnosing asphyxia, but as an 
indicator o f the need for immediate neonatal resuscitation. A l though immediate 
resuscitation efforts are the same regardless o f the cause o f neonatal depression，the 
specific cause o f t h e depression may indicate the need for additional specific therapy. 
This study demonstrated a significant difference in the mean 1-minute Apgar 
score between the nuchal and non-nuchal groups, this difference was absent at 5 
minutes after bir th when the second Apgar score was given, suggesting that any 
possible effect is only transient and responds rapidly to resuscitation. Similar f indings 
by others suggest that nuchal cords are not a major cause o f fetal asphyxia ( I Iorwi tz el 
al., 1964; Spellacy etal., 1966; Weber, 1981). 
In an overall comparison o f the meconium and non-meconium groups, the 
most signif icant f inding was lower 1- and 5 minute Apgar scores in the meconium 
group. Previous studies have used low Apgar scores to reflect intrapartum asphyxia. 
However, 1 -minute scores may be lowered because o f vigorous endotracheal 
suctioning at birth. Scores can also be affected by gestational age, anaesthesia, or the 
personnel determining the outcome. It should also be noted that the majori ty o f these 
"asphyxiated" infants diagnosed on the basis o f low Apgar scores have no neurologic 
sequelae (Paul and Petrie, 1979; Weitzner et al., 1990). Previous evaluations (Fenton 
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and Steer, 1962; Krebs et al., 1980; Meis et al., 1982) have used the Apgar score as 
the measure o fasphyx ia , and only recently has cord b lood arterial p H been used to t ry 
I 
to establish a more objective measure o f the signif icance o f meconium-stained 
amniot ic f l u id (M i l l e r and Read, 1981; Dooley et al., 1985; Yeomans etciL, 1989). 
Several investigators have reported a good correlation between fetal heart rate 
abnormali t ies and fetal p H values as they correlate w i th and predict Apgar scores in 
the new-born. M i l l e r (1975) found the 1 and 5 minute Apgar scores for neonates w i t h 
mecon ium passage to be signif icant ly lower than those in the non-meconium group. 
He also found correlative p H values to be lower in this group as wel l . When a fetal 
heart rate abnormal i ty exists in the presence o f meconium-stained f lu id, fetal acidosis 
is usual ly present early in labour and is reflected by a depressed Apgar score at birth. 
Whenever a fetal heart rate abnormality occurs in the presence o f meconium, the 
chances for new-bom depression are greater than i f meconium was not present (M i l l e r 
et aL, 1975; Krebs etal., 1980). 
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CHAPTER 5 CONCLUSION 
The assessment o f fetal wel l -being in labour is confounded by the use o f vague 
i • 
! terms such as ‘ fetal distress' and ‘b i r th asphyxia，which do not have universal ly 
acceptable def in i t ions and are used to describe a variety o f condit ions. Labour is 
stressful to al l fetuses. Fortunately, most fetuses tolerate labour wel l , and only a 
m ino r i t y are unable to withstand the rigors o f the labour process. Causes o f fetal 
distress can be grouped into three specific categories: uteroplacental insuff ic iency, 
umbi l i ca l cord compression, and fetal complications (e.g., sepsis or haemorrhage). 
The common element o f fetal distress is fetal hypoxia, which implies a decrease in 
oxygenat ion o f the fetus (Boehm, 1990). 
I n the efforts to assess the baby at delivery, people have progressed beyond 
descriptive terminology. It is t ime to incorporate precise and meaningful laboratory 
tests. Umb i l i ca l b lood analysis may provide valuable information and clues about the 
under ly ing pathologic process, and lead to establishment o f better diagnostic criteria 
and more eff icacious therapeutic interventions (Johnson et al., 1990). 
I t is believed that the use o f umbi l ical arterial acid-base studies, and 
determination o f M D A , OHP, xanthine and uridine could be encouraged for the 
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f o l l ow ing reasons: (1) I t is a relatively accurate method to study the status o f fetus 
r ight at the moment o f del ivery; (2) i f done routinely, it provides a means to examine 
the extent to wh ich fetal asphyxia is associated w i th adverse long-term outcomes; (3) 
it can serve as a measure o f the eff icacy o f various antepartum and intrapartum 
interventions for prevention o f fetal asphyxia; and (4) it can provide indications about 
the mechanism responsible for fetal asphyxia. A large-scale study is needed to 
determine whether umbi l ica l blood acid-base, M D A , OHP, xanthine and uridine are 
predict ive o f subsequent neurologic abnormalities. 
5 When F H R monitors became available in the late 1960s, the focus o fa t tent ion 
was at their role in the detection o f intrapartum fetal distress. The parameters o f the 
fetal heart rate pattern in the cardiotocograph include baseline rate, baseline 
var iabi l i ty, accelerations and decelerations. FHR changes indicate a fetal 
: compensatory mechanism wi th redistribution o f fe ta l blood circulation to vital organs, 
such as the brain, heart, and adrenal glands. Fortunately, FHR changes usually 
precede any significant change in fetal acid base status. Development o f fetal distress 
leads to a decrease in uteroplacental fetal blood f low, resulting in a decrease in oxygen 
available to the fetus. The disturbance of blood flow may be caused by a decrease in 
uteroplacental circulation or an alteration o fb lood f low through the umbil ical cord. 
From this study a data base o f FHR records collected in clinical practice was 
available. The CTG data sets in labour were stored in computers and the outcomes 
were assessed using blood gas, M D A , OHP, hypoxanthine, xanthine, inosine, uridine 
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and uric acid. I t was found that decelerations area were associated w i th a fal l in 
arterial p H and a rise in pCO7. Fetuses w i th acidaemia had signif icantly higher mean 
value o f deceleration area than non-acidaemic fetuses. Signif icant correlations was 
shown between uterine contractions and OHP, and between decelerations or uterine 
contractions and uridine. 
Furthermore, We found Apgar scores to be signif icantly correlated w i th 
i 
j 
tachycardia patterns and decelerations patterns. The Apgar scores were signif icantly 
I • • 
] 
lower in the acidaemic or nuchal cord group than those in non-acidaemic or non-
nuchal cord group. It was found that tachycardia pattern was signif icantly correlated 
w i t h the length o f second stage. Di jxhoorn et al. (1987) found that Apgar scores, 
meconium, and cord blood gas measurements explained only 1.5% o f neurologic 
abnormali ty in the first weeks o f l ife. Even w i th growth-retarded fetuses, the main 
correlation was w i th an abnormal antepartum rather than intrapartum CTG, indicating 
that most o f the damage was done before, rather than during, labour (Di jxhoorn et al., 
1987). In a longer-term study, Ruth and Raivio (1988) have shown that acidosis at 
bir th and low Apgar scores taken singly predicted fewer than one in four infants w i th 
acquired developmental abnormality. Moreover, they showed that 73% o f infants w i th 
both acidosis and an abnormal Apgar score were normal at fol low-up. 
Continued research on fetal distress should reveal more o f the aetiological 
events o f neurological damages that occur in the perinatal period. Unt i l then, it is 
imperative that obstetricians utilise the most effective means available to assess the 
2 3 5 
fetus in utero, and to act as qu ick ly as possible to del iver the fetus f rom a less than 
I op t ima l environment. 
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